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PREFACE

(

I

E

This study report for the Tug Program is submitted by the McDonnell Douglas

Astronautics Company (MDAC) to the Government in partial response to Contract

Number NAS8-29677.

The current results of this study contract are reported in eight volumes:

Volume 1 -- Summary, Program Option 1

Volume 2 -- Summary, Program0ption 2

Volume 3 -- Summary, Program Option 3

These three summary volumes present the h_ghlights of the comprehensive data

base generated by MDAC for evaluating each of the three program options. Each

volume summarizes the applicable option configuration definition, Tug perform-

ance and capabilities, orbital end ground operations, programmatic and cost

considerations, and sensitivity studies. The material contained in these three

volumes is further summarized in the Data Dump Overview Briefing Manual.

Volume h -- Mission Accomplishment. (3 Books and i Supplement Bound

Together)

This volume contains mission accomplishment analysis for each of the three

program, options and includes the tug system performance, mission capture, and

fleet size analysis.

Volume 5 -- Systems (3 Books)

This volume presents the indepth design, analysis, trade" study, and sensitivity

technical data for each of the configuration options and each of the Tug systems

i.e., structures, thermal, avionics, and propulsion: Interface with the Shuttle

and Tug payloads for each of the three options is defined.
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Volume 6 -- Operations (3 Books )

This volume presents the results of orbital and ground operations trades and

optimization studies for each option in the form of operations descriptions,

time lines, support requirements (GSE, manpower, networks, etc. ), and resultant

costs.

Volume 7 -- Safety (3 Books )

This volume contains safety information and data for the Tug Program. Specific

safety design criteria applicable to each option are determined and potential

safety hazards common to all options are identified.

I Volume 8 Programmatics and Cost (3 Books)

•"_lis volume contains summary material on Tug Program manufacture, facilities,

vehicle test, schedules, cost, project management SR&T, and risk assessment for

each option studied.
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These volumes contain the data required for the three options which were

selected by the Government for this part of the study and are defined as:

A. Option 1 is a direct development program (I.O.C. : Dec 1979). It

emphasizes low DIYr&E cost; the deployment requirement is 350_5 pounds

into geosynchronous orbit, It does not have retrieval capdt_ility,

and it is designed for a 36-hour mission. MDAC has also prepared

data for an alternative to Option 1 which deviates from certain

requirements to achieve the lowest practicable DDT&E cost.

B, Option 2 is also a direct development program (I.O.C. : 1983), It

emphasizes total program cost effectiveness in addition to low DDT&E

cost. The deployment requirement is 3500 pounds minimum into geosyn-

chronous orbit and 3500 pounds minimum retrieval from geosynchronous

orbit.

C. Option 3 is a phased development program (l.O.C. : 1979 phased to

I.O.C. 1983). It emphasizes minimum initial DDT&E cost and low total

program cost. The initial Tug capability will deploy a minimum of

!



3500 pounds into geosynchronous orbit without retrieval capability,

however, through phased development, it will acquire the added

capability to retrieve 2200 pounds from geosynchronous orbit. The

impact of increasing the retrieval capability to 3500 pounds is

also provided.
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This report contains detail programmatics and cost data, sensitivies, and

trades analyses pertinent to the Space Tug (Cryogenic) Program Option 1. This

option, a direct developed _g with IOC in December 1979, emphasizes minimum

DI_.&E cost with low peak year f%,oding as a primary objective. The data presented

is organized in accordance with the Government-furnished outline. Data covering

the programatic areas of schedules, vehicle testing, facilities, manufacturing,

and attendant costs _re presentel. The cost data are reported in accordance with

the basic requirements of Data Requirement Document No. MF003M, dated dated 1 May

1971, as modified by study guidelines received from the Gover_nent in the course

of the study. Additional data is given in the areas of program management plans

and risk assessment.

Results of the Option I anal_'ses indicate that this version of the Tug can be

developed within the study grou_tdrules for a total DDT&E cost of $197.1 million.

The peak annual funding requiremeLt is $76.7 million occurring in Government fiscal

year 1978. Production _,hase cost for an operational fleet of 13 vehicles plus 9

auxiliary (kick) stages required to satisfy the flight schedule, including con-

tingency for expected r_liability losses, totals $179.6 million. First unit p._o--

duction cost for thls vehicle i_ $14.44 million. Total operations phase cos(,,

for a total of 225 flights, is $200.8 million, yielding an average cost per

flight of $0.90 million for the basic reusable Tug flight mode.

Special attention is ca/led to Section 6.12, Cost Data Adjustments, in which the

basic cost model output data has been corrected at the summary level to offset an

error in the inputting of ground launch operations data to the cost model. This

error, which affects only the launch operations cost estimates and subsequent

total project smmnary costs, was found after the Option 1 cost run had been made

and time did not permit a complete recycle. It is believed that the basic data

presented coupled with the cost adjustments reported in Section 6.12 will suffice

for this data dump.
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Section I

SC I_Db'I,ES

This section presents schedules developed for the T_ Option 1 based on the requ_.

meat for a nominal IOC December 31, 1979 (actual first operational flight in April

1980). An additional constraint was that the earliest ATP for the DIE&E phase was

October 1975. The schedules were derived by iterative analysis of design and devel-

opment requirements for subsystems and the vehicle main stage, test and evaluation

requirements, manufacturing requirements and production rate considerations, as

well as operational flight schedule requirements and fleet size.

The iEoJect s_ary schedule for Option 1 is shown in Figure 1.1-1. It features

an ATP for the Phase C/D design development in October 1975. Required supportin_

research and technology for the vehicle design is assumed to have been initiated

approximately eight months prior to project ATP. Design, development, test and

evaluation (DDT&E) requires 5_ months up to the first flight on April 1, 1980.

This first flight is used to place an operational payload in orbit, having only

secondary test objectives associated with monitoring critical subsystem functions

by means of added test instrumentation. No dedicated flight test is planned for

this Tug option. Subsequent to the first flight, a total of 225 mission flights

will hav_ been flown through 1990. One hundred ninety three flights are launched

fr_n ETR and thirty two from WTR.

Completion of Preliminary Design Review (PDR) is scheduled for March 1977 to es-,

tabllsh firm vehicle configuratlons. A Critical Design Review (CDR) _ill be com-

pleted in December 1977 to assure that design requirements have been met.

The gi-ound test program, discribed in detail in Section 2, will use subsystem

models for concept and design development and qualification. Qualification of

subsystems _ill be complete in January 1979, 39 months after ATP. System level

test a_-ticles will be used in the ground test program for subsystem integration

and interface verification activities. Two Tug vehicles are required at IOC to

support the initial requirement of three flights in the first year of operation.

A total of 13 vehicles are produced over a period of three years. Included are

3 vehicles procured as contingency for expected reliability losses. Vehicles

are stored at the launch facility and used as required to support the flight

utilization schedule (Reference Section 7).

Table 1.1-1 identifies symbols and acronyms used on the summary schedule.
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A logic network for Option 1 is provided in FiKure 1.1-..2 auppker, enti:,_. _,

project summary schedule. This _um_a_y networ_ was developed I,_ c,.,_uo_,ulce

with the work breakdown structure, the project summary schedule and required

flight schedules. It contains a sufficient number of major milestones m_d

key events to insure satisfactory accounting of program requir_nents, inter--

relating activities and limiting constraints. The level of detail is g_,vern_d

by the need to account for the key events and identify critical actions or

decision points. Event orientation and constraint lines indicate project

feasibllty and timely execution.

Depicted on the calendar-oriented network are design, development, te_t _nd

evaluation of the first fliEht vehicle, followed by delivery to the launch

site, Tug/payload mating, Tug/Shuttle mating and vehicle launch at IOC. Also

shown are the related events of procurement, ground support equipment, facilites

and tooli_. Interface events locate delivery and/or receipt of m_Jor hardware

and software items critical to the project implementation. Vehicle deliveries

to storage at the launch site, site activations at ETR and WTR, _ehicle turn-

around, and initial launch of each vehicle are indicated in relation to the

flight profile requirements and refurbishment activity.

1.2 DEVELOPMENT SCHEDULES

Development schedules are presented in two forms: an overall develo_nent shhedule

interrelating the various project element and test/evaluatlon activities; and

detail subsystem schedules.

i. 2.1 Development Schedule

Figure 1.2-1 is the planned overall development schedule for Tug Option ]. It

reflects major engineering development tests, qualification tests, ground sup-

port equipment (C_E) development, and software development. Main engine and

auxiliary kick stage requirements are reflected in the project sunnnary schedule,

Figure i.i-i. The scheduled activities reflect test planning requirements which

are described in detail in Section 2.

i. 2.2 Subsystem Schedules

Figures 1.2-2 through 1.2-12 provide development schedules for critical subsys-

tems of the vehicle main stage. The schedules are developed primarily at Level

of the WBS except for cr_tical avionics elements which are shown at Level 6.
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ENGINE.INO , I I I I
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_ FA,..Y I I I t
_T_ " I BEY PLUMIING WlRS/H • UPGRADE D.F. i I

" I I " II ,.A,,.-,_.E,,,,_.-,'v.,.. • .VALUAT,. i I
PROPELLANT TANKS PR,M_E CYCLING OiVELOPMENT TEST I i

I_D_ TANKAvAII_ _ _ LH2 TANK AVAIL I I

I 1- I Ts.T=.=,',..,.--',,,,,,:o.,o I .V,,,,OL_Y
l i x_,, TS. I

I " i i _ARO0WN.ANALYSIS"REPO.T Z_ VEHICLE0.L
PROPELLANT TANK, PRESSURE BURST DEVELOPMENT TEST I • MILESTONE

LO 2 TANK AVAIL _ _ LX 2 TANK AVAIL I <:_i=

_ TEIrlr REQIMTS pLNG • FIXT DESIGN

' I I seTue. TSST I r"_l ACTIVITY

/ L,,,J TEARDOWN, ANALYSIS • REPORT

PROPELLANT TANK, PRESSURE CYCLING & PROOF PRESSURE QUALIFICATION TEST

I LO 2 TANK AVAIL _ I _i_ L. 2 TANK AVAIL

TEST REOMTI PLNG • FIXT DESIGN

(FROM CYCLE TEST) I I SETUP • TEST

I I I I TEARDOWN' ANALYSIS & REPORT

PTV/T ESTI JI • Ht_VE AVAILI Y R ! I

I I I TEST FIXT OES FACILIT PREP EQ TS • PLNG J

I I I I TESTSETUP,,ER,ORMANCE
I l l il j TEARD,N.A.ALYSI$,"E_ORT

INTEGRATED AVIONICS TEST UNIT TEST /

I "- i -'! I /
[ TEST FIXT DES TEST PLHG • PREFARATiO i

i I SETUP & TEST

L FAB • ASS¥ IATU GSE I TEARDOWN, ANALYSIS • REPORT

,L,OHT;ONTROLSIMULATION, T I I I l
i I TEST FIXT DES TEST PLNG & PREPARATION ] I

[ ISETOP,TEST I I
I I I I I I ITEARO_NANA'YSIS"_EPORT

TUG/ORBITER FLIGHT SUPPORT EQUIPMENT TEST (WITHOUT IVU) | " ' '
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] _ _ - t SETUF,TEST
I L---J ._ TEST PL_LQ, FIXTURE DESIGN • PREP l "

TUG/ORSITER FLIGHT SUflqORT EOUIP_,_._T_T IWITH IVU). -

J • .owe A_AIL
' ' r--I ;.;P,_.E O_=_"T"_-_:PREFARATION

I L__l ,E_..TE.TEARD_. ANALVSl,• REPORT .........

Ft IGHT TEST OPERATIOf J I _ VEHICLE AVAIL

_UNC._ usu.. J i
FLIGHT TESTS • •

FLIGHT SOFTWARE ANALYSIS • REPORT i I

_"ONI I

=,,TWA,,EA=S"'_ TEST,NOI I
ONOUNDSU,,_TEOUI,.ENT I I I

I iFAD A, SY • TEST PNO'TO AVIONIC GRO SUPPORT EQUIP

I I'-"'" i l--..o-ou..-,o-
I "1_oAV.ON.=_FTWARE.NTEO/ ], ' . J

/ , I I _FTWARe.EC.ANIZATIONI
I l CHECKOUT • SUPPORT GSE S/W PROC. DESIGN i

IMEONNN,'ATIONOF_FTWAREI
J " I r_E • FLT COMPUTER C/O EXEC./COMFILER DES,ON I

Ytg_z'e 1.2-1 DeTelol_ent Schedule, OptLon 1
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1.3 PRODUCTION SCHEDULE

The product ion schedule, Figure 1.3-1, reflects the vehicle manufactaring re-

qutrements and rate of production to satisf_ this Tu_ program option within the

project summary schedule. This schedule has been prepared from data developed

in the manufacturing flow schedule, shown in Section _. Data presented in

Section h anplifies the information presented here (see Section 4.1).

1._ OPERATIONS SCHEDULE

This schedule, Figure 1.h-l, shows the activities required to initially acti-

vate the launch site, prepare for the first vehicle launch, and prepare for

the next launch. Operations activities for both ETR _nd WTE are indicated as

are the vehicle deliveries required to support the Option 1 flight schedule.

Detail 0_ations activities, timelines and schedules are provided in Volume 6,

Book I.

i. 5 FACILITIES SCHEDULE

This schedule, Figure i. 5-1, shows major events and activities required to

activate factory and launc, site facilities necessary to support the Option i

program. Data used to establish these requirements is contained in the facilities

description in Section 3.

t

i .6 EVALUATION OF MAJOR SCHEDULE DRIVERS

The 54 month DDT&E program has been determined a reasonable schedule for Program

Option _. Our analysis (based upon the design approach of minimizing design and

manufacturing unknowns and of maximizing proven systems and off the shelf hardware)

concludes that there are no schedule critical items. However, to meet the fabrication

and assembly of three development test tank sets per the baseline schedule, Figure

:.l-l, the following activities must be accomplished in a timely manner:

o Procurement of tapered domes (spin formed domes).

o Procurement of the chem mill facilities.

o Procurement of the aging oven.

o Activation of anodizing facilities.

o Tools for the LO 2 and LH 2 tank fabrication and assembly.

o Procurement of aluminum, titanium, carbon, and stock material.

The other major items of the project, e.g., the facilities modification and actua-

tion at ETH _d WTR, and the development and integration of the GSE, are considered

parallel, _,_,,........_...+_o_n_.._......_ _ntivities without being major schedule drivers.
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1.7 IMPACT OF OPTION SENSITIVITIES

This :_ubsection discusses the impact on project schedules by the three sensitivi-

ties:

i.

2.

3.

Programmatic sensitivity for a 2 year later IOC (31 December 1981).

DPf&E effects for S6-hour mission duration.

Impact to provide SO0 watts to payload.

1.7.1 Impact of 2 Year Later 10C

The baseline schedule for Program Option i requires a 2-shift manufacturing

activitytoprovide]a delivery rate of 4 vehicles per year. Stretch out of the

schedule f0r the full 2 years, as shown in Figure 1.7.1-1, results in a single shift

manufacturing activity to provide delivery rate of 2.8 vehicle per year. We consider

this uneconomical. Other alternatives to the 2 year IOC delay are provided in Volume

5, Section 9.1.1.

1.7.2 DDT&E Effects for 36-hour Mission

There is no effect on the overall vehicle schedule for Program Option I to pro-

vide a greater than 36-hour mission duration. However, there will be an increase

in the subsystem development and test activities which can be absorbed.

1.7.3 Impact to Provide 300 Watts to Payload

There is no effect on overall project baseline schedule for Program Option I

due to this requirement.

1.8 COMPARISON OF DODANDNASA SCHEDULES

NOTE: Submittal of this data has been deferred until after the Data Dump,

which has been agreed to by the Study COR.

e

1.9 PARALLEL DEVELOPMENTS

Concurrent activities on the baseline schedule for Program Option i are shown

in the Project StmmmA-y Schedule, Figure i.i-I. This concurrent development and

test of the Vehicle Main Stage, the GSE, and facilities modification is considered

reasonable. We have reviewed the subsystems and components on Program Option i

for parallel developments to ensure performance and schedule achievement, and

we can find no such need.

.....P3/
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Section 2

VEHICLE TEST PROGRAM

2.1 GROUND TE_f AI_I'ICI_

Figure 2.1-1 identifies the test articles, tests associated with them and which

of these tests is conducted on Option 1.

t

2.1.1 Test Article Descriptions
i ,

2.1.1.1 Structural Test Article

4

The Structural Test Article Is not tested as an assembled entity. Eachmajor

element is subjected to those environments or test conditions peculiar to its

operational exposure. The Structural Test Article is comprised of the following

elements:

Quantity Hardware

3 LH 2 Tanks

3 LO 2 Tanks

1 Body Structure

1 Thrust Structure

i set Support Elements

i set Joint Elements

2.1.1.2 Development Fixture

The development fixture co_nences with the structural subsystem upon which wiring

and plumbing routin_ and equipment installations are developed. It can later be

upgraded withh!gherfidelity hardware and used for Maintenance (_, removal,

replacement, accessibility procedure verification s/Jd 14aintainability(M_) analyses.

t

2.1.1.3 l_opulsion Test Vehicle

The propulsion test vehicle is not truly a vehicl- (Tu_). It consists o? the

tankage; Main Engine Support Assembly (,_A) plus a 0.2 equivalency for spares;

a set of electrical and propulsion GSE, instrumentation, and sufficient quantities

of propellants and pressurant and pneumatic Kases to support the test. In

addition, for demonstration of Tug/Orbiter interface capability, a structures

assembly, interface panel assembly, purge provisions assembly, and an abort

provisions assembly Erom the Orbiter Interface Subsystem will be provided.

eh-
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The propellant tanks will be fabricated and assembled on production tooling.

They will be the initial tanks so produced. They are therefore the tooling

"proof and complete" tanks. The major difference between these and "flight

weight" tanks is that no tapering or chemical milling of the material is

accomplished prior to assembly. These tanks are therefore heavier and stronger

than "flight weight" tanks. These "proof and complete" tanks are a necessary

"product" of the program but would not normally have further usage assigned

them. As tankag, e for the Propulsion Test Vehicle, their usage is cost effective,

relative to the non-procurement of special high pressure capability battleship

tankage or extra allocation of production tankage, and they are more

characteristic of Tug tanks. A block diagram of the PTV/GSE installation is

shown in Figure 2.1-2. The ]IATU uses the factory set of GSE to develop procedures
and software.
2.1.1.4 Integrated Avionics Test Unit (IATU)

This unit consists of one Avionics subsystem plus a 0.2 equivalency for spares;

a set of interfacing hardware (sensors, valves) from appropriate subsystems;

a set of electronic ground support equipment and associated software; and a

set of interface verification units from each of the associate contractors, i.e.,

spacecraft, and orbiter. The test setup is designed

and constructed no that access to installations is immediate, e.g., equipment

is mounted on walls or benches so that both surfaces are accessible. Trouble-

shooting and maintenance can be performed with minimum manhours and schedule

conflicts. An important aspect of layout and installation here is that impedance

match and electroma_.netic compatibility be assured, or determined to be within

specified limits_by adhering to wire lengths and routing proximities dictated

by the flight configuration. It is hiKhly desirable that components comprising

this unit should be new, just as in a flight production Tug, with qualification

at the component level complete, Just as in a flight production Tug. The impor-

tance ),ere is that the integration of the Avionics subsystem is under development

and if not funct_onally qualified here, such qualification would have to await

the first flight vehicle. Functional qualification on this unit then should not

be hindered by failures induced by unqualified or used components. This is not

to say that hardware originatin_ from categories other than fully qualified or new

or both cannot be used, but its functional integrity for the intended purpose

must be assured. Judicious selection can accomplish this if indeed any previously

tested components are available. Availability can be dependent upon program

policy relative to disposition of test hardware. This policy could require all

test hardware, subsequent to completion of qualification testing, to be placed

in bond. A block diagram of the IATUis shown in Figure 2.1-3.
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2.1.1.5 Flight Control Simulation

This test is a dynamic extension to the IATU.

Line Subsystem Facility (OLSF) which is co-located with the IATU.

test will be the guidance and navigation subassemblies.

It will be accomplished in the On-

Equipment under

2.1.1.6 _li_.ht Support Equir_ent

This is that Tug flight equiunent which interfaces with the orbiter and remains

with the orbiter during Tug flight. It consists of the tilt table; two fluid/"

electrical interface panels; an abort dump interface panel; and an electrical

interface Panel. This equi!znent undergoes testing first without_then with?an

Interface Verification Unit representative of a Tug.

i

2.1.I.7 Flight Test Article

Prior to conducting flight tests, certain ground tests will be conducted using

this Tug. It is the first production Tug. The ground tests utilizing this

vehicle are the verification of checkout procedures at the manufacturing site;

the electromngnetic compatibility test at the manufacturing site ; verification

of the transportation and handling procedures ; verification of checkout

procedures at ETR; electromagnetic compatibility with the ETR launch complex;

EMC at WTR (first delivered Tug); verification of maintenance procedures at

the launch site; and maintainability testing and supporting analyses at the

launch site.

t

@

2.2 FLIG!_ T_T ARTICLE

The flight test article will be the first produced Tug. No special equil_nent

will be installed specifically for flight test purposes. In addition to

operational instrumentation, however, some flight test instrumentation will

be carried. Flight test articles, other than a complete Tug, are not required.



2.3 GRO_D TEST PROGRAM

A development test program envelopes SR&T; development and qualification testin_

of parts, components, subassemblies, and assemblies of subsystems; reliability

testing of selected items_ repairability/maintainability testing of the smaller

items; development, qualification, maintenance, and maintainability testing of

major or vehicle level test articles; and flight testing of the completed CEI.

Durin_ the courze of this Conceptual Phase stunt, planning emphasis has been

placed on that testing conducted on major test articles and flight tests.

That is not to salt that testin_ at the lower levels of hardware has been

completely ignored, only that the level of planning depth is more shallow,

but sufficien_ _o acquire costing information.

The acquisition of assurance of reusability of the cryogenic Space Tug through

equipment life, maintainability, and/or refurbishment, beginz with design and

continues through component and vehicle level testing to mission operations.

The foundation of such a goal lies with intelligent design of components and

subsystems for high inherent reliability and long life. Accordingly,

every economically practical means of reducing to a functional minimum the

number of failures that might occur must be applied to the design effort.

In terms of reducing total maintenance hours to a minimum, it would

be ideal to achieve total elimination of failures. However, even if this were

functionally possible to accomplish, the cost of providing the capability of

trouble free service for the projected life of a Space Tug vehicle and proving

it to a high level of confidence would be prohibitive. The inevitable risk of

unforeseen operational accidents, the fact that it is not feasible to totally

eliminate failures, and shear economics indicate a need for supplementary

approaches and techniques such as redundancy _nd failure-tolerant desig_

Design for high reliability and Judiciously planned and implemented testing

must be used to insure the specified reus_oility and service life of the Space Tug.

The most cost effective program combines four philosophies pertinent to design,

analyses and test.

i. Select existing hardware which is shown to have survived space flight;

reserach the history of that hardware to determine durations of missions

flown and the _ount of testing accomplished to assure survival to (or beyond)

that duration; introduce redundancy into designs which include that hardware_

66.
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utilize maintainability (M) analyses to establish scheduled maintenance (_)

procedures for removal and replacement; and conduct qualification tests at

higher levels of assembly, e.g., subassembly, assembly level, for Tug criteria.

An example is the propellant valves.

2. Design new subsystem hardvare to survive an economically reasonable por-

tion of T_ I life; conduct develo_uent and qualification tests to establish and

verify that survivability and from a maintainability (M) analysis, schedule

removal an d_refurbishment/replacenent accordingly. Examples of this type of

component are the oropellant disconnects.

S- Determine, through reliability analyses that component reliability meets

Tug re_nts and that failures which may occur must be considered random

failures, i.e., the probability of a failure occurring on the first flight is

as great as the probability of a failure occurring on any subsequent flight;

introduce redundancy into designs which include that hardware, or accept the

risk of a random failure; remove and refurbish/replace as necessary in unscheduled

maintenance (M). An example of this type of component is the computer in the

data management assembly, a single installation.

4. Determine that a component/subassembly/assembly/subsystem cannot be removed

and replaced through scheduled or unscheduled maintenance_ design for survival

through Tug environmental criteria beyond expected life; and conduct development

and qualification teststo assure survival beyond design requirements. An

example of this type of hardware is the structural subsystem.

Background acquired in aircraft development program_ can prove most useful to

the Space Tug Program as the experience is closely related to Space Tug

development. As a basic and obvious point of comparison, aircraft are designed

to be operated and maintained over extensive operational lifetimes as is the

Space Tug.

From the standpoint of developing a Space Tug design for inclusion of maintenance

capability, it is significant to note that vith each new generation of aircraft,

maintainability has been more thoroughly considered as an integral part of

overall system design. A related vital fact is that maintenance accounts for

approximately 28 percent of the direot operating costs. This substantial cost

for m_intenance results in _ continuing _hallenge to aircraft operating agencies



to minimize tots/ maintenance hours while maximizing aircraft utilization.

The operational problems are quite similar to those of the Space Tug. The

broad approaches to improving this area of aircraft operations are therefore

quite applicable to the Space Tug Program.

The majority of the components intended to comprise this configuration either

have been developed for use in previously produced space vehicles, are standard

components qualified for space vehicle applications or will require little

modification _o meet Space Tug specifications. For those components requiring

new or further development, or requalification, _n economically feasible

population will be selected for the appropriate type of testing. Further, the

level of hardware assembly at which verification of a given item can be adequately

achieved, i.e., component, subassembly, assembly, etc., will be evaluated. To

the maximum extent possible, qualification of hardware included in the design

will be achieved through means other than testing, i.e., analysis, inspection,

demonstration, or simulation. Emphasis will be placed on repairability within

each analysis or during testing.

Combination of design selection of high reliability/long life components and

parts, and the component verification approach outlined above should yield an

approximate i0 percent reduction of operational maintenance and refurbis.hment costs.

DDT&E costs will be higher due to testing and its associated population requirements

to provide reliability and life_ however, this cost is non-recurring and will

produce a reduction in recurring costs by lowering the incidence of both

scheduled and unscheduled maintenance and refurbishment.

J

2.3.1 Test Ooerations Descriptions

2.3.1.1 Structural Test Article

Tests are conducted in three categories, i.e., tankage, load carrying structure,

aad Joint development.

Tankage -- Pressure Cycling (Develo_nent)

The first I/32 and LH 2 tanks to be produced will be placed separately in the

hydrostatic test tank at _DAC, Huntington Beach. Internal pressure will be

increased to normal operating pressure, held for a nominal period of time,

then relieved. This cycle will be repeated until crack propagation is in

evidence or until a quantity of cycles equal to 300 percent of the quantity

D
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expected throughout the _g's projected life _nichever occurs first' In the

event the former occurs first, the propa_ationwill be investigated and further

procedure assessed. If the latter occurs first, internal pressure will then be

increased incrementally to burst, establishing a burst point under fatigue

condit ions.

Tankage --Burst Pressure (Devel£_ment)

The second set of tanks will be placed in the same hydrostatic test tank and

the internal pressure increased incrementally to burst, establishing a fresh

tank burst point.

Tanka_e'_ _ssure C_cl e Plus Proof Pressure (Qualification).

With information from the development tests available for design consideration,

the third set of tanks will then be subjected to 150 percent of the projected

life cycle quantity with the internal pressure then increased to proof pressure,

held for a sufficient length of time to e_tablish leak integrity, then relieved.

In the event development test results indicate that design and production methods

meet specification requirements this test may not be required.

Load Carrlin 5 Structure

These are the thrust structure for_-ard support fitting, yaw fitting, and the

Body Structure. Under static conditions, these items will be subjected to

axial, shear, and bending loads.

Joint Veve!o_ent

This effort consists of applying compression, bending, and shear loads to the

titanium tube-to-tank Joint.

P 2.3.1.2 Development Fixture

The develol3aent fixture commences with the structural subsystem upon which wiring

and plumbing routing and equipment installations are developed. It can later be

upgraded with higher fidelity hardware and used for Maintenance (M), re, oval,

replacement, accessibility procedure verification, and Maintainability (M)

analyses.

.2 -t/
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Maintenance Procedure Verification

Maintenance procedures are developed after the definition of maintenance require-

ments through r_a/ntainability and maintenance analyses. The verification of

these procedures on the engineering development fixture provides an initial

opportunity to determine their validity in a s_mi-realistic environment. The

test objectives include the verification of:

o Satisfactory accessibility

o Ease of LRU replacement

o LRU handling capability

o Potential safety hazards

o Identification of proper tools

o Maintenance manhours

o Manpower requirements

This is first conducted as a contractor DT&E function and subsequently by the

customer as an IOT&E effort.

Maintainabilit_J Evaluation

The maintainability program is dedicated to the achievement of a design that

is (1) testable to maximize verification that the subsystems are unfailed and

to identify what is failed or degraded, (2) repairable at a level to minimize

field station equipment, time, and skills, and (3) economical with regard to

refurbishment of structure and failed or wear out items. Most of the effort

to achieve these objectives is encompassed in the M analysis, conducted in

support of and concurrent with design development.

The M analysis provides evaluation for each item of equipment, determining its

mission required preventive (scheduled) maintenance requirements and corrective

maintenance methods, and selectively recommending design corrective action as

required to achieve operational objectives. As each design area achieves

proper M design quality, the maintenance tasks will be documented. This will

show repair policy for each item, predicted frequency, and predicted task time.

Figure 2.3-1, _JJkP_iA (Maintenance and Repair Method Analysis) Prediction Data

Flow shows this process. The initial predictions are available at PDR. The

process is iterative and the MARMA data used for system predictions are improved

and verified by later data as available. The MARMA data update process is

summarized in the annotated Figure 2.3-2, MARMA Detail Task Prediction Process.

This shows the operations which provide the opportunities to observe and collect

the required partial task time data.
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The key to the ::DAC maintainability test prcgram is use of maximum routinely

available data to verity .the predictions made in analyses and thus minimize

costs of tests. The analysis identifies all repairable/replaceable items and

risk or frequen:y of occurrence. The collected data on a number of tasks or

task elements verity the s_curaey of these individual predictions and demon-

strate the actual access and replaceability of components when drawing analysis

and visual study are inconclusive. Thus, the integrated avionics test unit

(IATU) together vlth the development fixZure (DF),fllght test article (FTA),

and prop'_g_n test vehicle (PTV) will provide early opportunities to determine

actual functional test and fault isolation t_les. The_e elements of the total

repair time are combined with untested tasks (i.e., replace-time predictions)

to upda_ ' repalr-time prediction. The verification data are collected and

analyzed by M engineers without introducing mechanic work tasks.

The tests on the development fixture will determine critical access problems

early enough to incorporate required changes in the design prior to critical

design review. These tasks will be conducted by mechanic personnel to verify

access wlth some _ndication of remove/replace task time. The actual operations

of acceptance test, checkout, and repair of failures for IATU, F?A, PTV, and

producticn flight articles will provide an upd__te of frequency and maintenance

time. These data and those available from maintenance procedure verification

on f'fA , development fixture, or _ will be collected by observation and

analysis of actual operations rather than by scheduled _,__demonstrations.

l
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The measure of M actual performance is provided by the system predictions

utilizing approved models and detail task time data verified by and updated

to incorporate the observed data from system tests and operations. The pre-

dictions rill reflect maintenance tasks conducted according to formal procedures

and the best prediction of frequency. The M predictions will identify critical

tasks to achieve systam operational status, down times for unscheduled maintenance

during 'l_g turnaround, and recommended spares levels for each critical subsystem

item for field station stocks. These data are integrated with the logistics

studies of scheduled maintenance, servicing, and pipeline handling of repair-

ables to form the total viable maintenance and refurbishment plan.



2.].1.3 Propulsion Test Vehicle

The Propulsion 'Pest Vehicle is not truly a vehicle, i.e., a Space Tug. The

testing is concerned with the development and functional qualification of the

main engine support assembly and associated interfaces only. The components

which comprise the assembly either will have been developed and qualified on

previous progr_s or will be developed and qualified on this program.

Leak checks using gaseous helium will be accomplished within each of the

component areas, i.e., propellant feed, vent, fill and drain, pressurization,

and pneumatics. Correct electronic _inc_ioning of the appropriate components

will be accomplished, i.e., propellant utilization, propell_nt orientation,

feed line thermal conditioning, thrus_ vector control (mechanical actuation

also), and correct operation of all valves (electrical, pneumatic, and

electro-pneumatic).

Propellants and gases are introduced to the test setup, chilldown procedures

and operations are verified and flowing of propellants is accomplished. Several

test runs are made to _ain assurance tha_ all components and interfaces are

functioning within specified limits. Full duration and shutdown and restart

runs are accomplished followed by mission simulations. The Category I RLI0

engine is a flight operational engine. The inlet interface requirements are

known. With propellants delivered to the interface within these requirements

operational reliability of the engine is known. The test objective will be

to assure these interface delivery requirements by "cold flowing, the propel-

lants and acquiring the appropriate measurements at the engine inlet interface.

This will be done without an engine installed.

The test will be performed in Test Cell (Jh) AEDC, Tullahoma, Tennessee. This

facility has altitude capability durir_ both firing and hold and sufficient

propellant and gas storage capability.

Ground support equipment and software requirements are identified in the PTV

GSE Description Sheets, Table 2.3-1.

Malntainabilit Z Evaluation - PTV

The maintainability program to be conducted on the propulsion test vehicle is

described in the description of the maintainability program for the engineerir_

development test fixture, 2.3.1.2.
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Table 2.3-i

PTV D'_3CRI:_.'I9";SHEET

WBS 32A-07-01

_IA..14E: .'IG ':"_'_ C-qLL = "_'"" .._Y_-" _UT_..I_.:T Y:O. 309

E_UI_.:E:;T n--._= T._"T_-T.

Tubular s_eel ho!dl=_ flxtu-_e _.hat ad_p'- "-o _-'_ am.d test cell.

COST F,'L_._U::iT:

E_UIFI'E:;T C.'_TEGORY :

N_,r

IST Y_ PEQ'D

EqUIP:.:Et_ '..'?ILIZ;.TIC:::

_U:;CTI_:;AL

FLO_; _L_"CK

MODIFIED

LOCATIO:;

REQ.UIRED

AS IS

, , , _

TOTAL F _:q']:X.".D _OTAL CCCf $ .-_',T._3



RA_= AEDC

Table 2.3-1 (_ont.)

PTV GSE DESCP, IF_ION SHEET i'

WBS 32A-0T-01

I/,_TEF!ACE J-CiCYIO:; BOX EgUIF,4ET:T IlO. 310

FIJNCTIO_JAL RE_UIR-_:.'C_ (Z) :

Inst_en_z_.ion JunctiOn box required to interface with J4 test cell at A_DC.

Ew4UIF.'EI;T DESCRIPTIC:; :

Junction box vlth _00 twisted shielded vlre and 60 co.-mec_crs.

9

COST F!-S,U'.IT: $ 12,500

$ 16,000

EqUIP::ELT CA_-GORY :

IST YEAR RZO.'D

EQUIP;_LT U?iLIZ;,TION :

/"UI;CT_ T e,'; .:.L

FLOU _LO:K

R1n_[_ER

MODIFIED

NI_..IBL_R AVAILABLE

LOCATIO:.

REOUIEED

AS IS

°

ltlg.tl_F.q

IIID.UIR.7.D

i

411

TOTAL n:'"',-=: TOTAL CO:'::'. : oa 530

/
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. T_le 2.3-1 (Cont.)

PTV CaE DE3CRIPTION SHEET .I
e

w_s 32A-07-Ol •

R_4E: TEST Sg.vT.;A2-__ C0.'_/_..--_q_PR'3GP._._ P_.UI_..!_:TNO. 311
, , ilm J i , ,

Test sor_M_-e to :__ntr=l the• propulsion *.est vehicle tes*.tr._ in J_ test eel1

at AEDC.
, , . . ,, . =, ..... _L t ,= i i _ i , •, i

i i . . • • LI J I I =w_ I ,. , I, I

LL l l lll l

EQUIE.:ENT DEHC._!PTI C.N:

M_netlc_tK._ Dr _Isk, l:[sting, and tes _. procedure.
= ,, , ,i

/

(See attae.__-.ent.)

_e

COST F._-_UNIT:

EQUIPME:;T CATEGORY:

....... NE_,I X

IST YEAR REQ'D

$ 20,T60

-o-

E_UII';._:_ b"i'ILIZAT!O:I:

FLOW BLOCK

RI_.f_ER

I I i i

l . _, u

(NON-RE CdRR I;:G)

(RECUV,RING/YEi_.R)

MODIFIED AS IS

__ NU}._ AVAILABLE

LOCATION

BEO.UIRED

.AEDC Jh Test Cell
__ L

R_UIRED

1

l

f .

L l ' .....

TOTAL COST _ _-0,7_0



Table 2.3-1 (Cont.)

TEST SOFT,',t_ P_QUIP--_--.;TS (_C) J_ TEST C_L

A. Define instr-c.uentation requlre-uents

i. Assign data channels and spe__is for analog data.

2. Assign discrete channels.

3. Determine data recordin_ require__ents (tape recording, strip chart,

sad real ti-e reduction via Raytheon 520 and I_2( 360/50 computers).

_. Determine console real ti_e data d/splay require=ents.

5- Deter---/ne checkout computer (I_! 3_0/h_ data input requirements

for real time test control and =onitoring).

B. Define control para=eters

i. Assign control functions for -sunua! control panels in Jh test cell.

2. Assign checkout computer control functioms (relay closures and

logic level).

C. Define calbiration data

I. Determine calibration for facility instrumentation (use trend

data from other test Drc_ra_s).

2. Determine calibration for the tess peculiar parameters.

It Is assumed that AZDC Jh test cell Drovides chs.nne! assigr--er.ts list, calibra-

tion data, signal routing require__ents fro-- existir_ support software progra=s.

MI)AC will have -.o provide inputs to these programs through Interface Control

Documents (ICD).

COLD FLOW TEST

Develop a checkout/control prc_ram to perform the Cold Flow Test. This pro_r_-u

%x_ _e executed on _he i_H 360/hh compuber "_iII provide the followir_:

a. Auto_z_iczl!y accomplish facility =onitoring and control.

b. Initiate, monitor, end terminate cold flow per the design

parameters.

@. Secure test article and facility.

d. Provide the emergency shutdo-,-a sequences.

_.D _ords ..... include limited real time docu-Thls _rcsr__u_ is sized at 12, _"' w_:c _

mentation via a line printer.

f
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2.3.1. _ Integrated Avionics Test Unit

This test develops and verifies the electronics operations of the Space Tug.

It is the first assembly of all avionics equipment fr_n all the subsystems.

Electrical and electromagnetic c_patlbility are developed and verified to be

within specification. Line lengths are identical to Tug installed lengths to

insure agaAnst impedance mismatch. Compatible integration with the GSE is

assured and checkout and mission software is developed. Integration and

_patibil_ty with each of the major interfaces (spacecraft and orbiter)

are verified through the use of Interface Verification Units -(I'VU) supplied

by the appropriate associate contractors. Operation of the telemetry system

is develop_d and verified including interfaces with the control transducers.

Verification of redundancy management is accomplished and fault isolation

methods are developed.

e

Maintainability Evaluation - IATU

The maintainability program to be conducted on the Integrated Avionics Test

Unit is described in the description of the maintainability program for the

engineerin_ development fixture, 2.3.1.2.

2.3. i. 5 Flight Control Simulation

This test is associated with the Integrated Avionics Test Unit (IATU). At

MDAC, Huntington Beach, the selected facility is the On-Line Subsystem Facility

(OLSF) and is co-located with the IATU. By providing the appropriate simula-

tions (computer, optical, etc. ), navigation and guidance command capability is

verified. Communication is maintained with the IATU affording integration and

_patibility verification with the remainder of the Avionics subsystem.

2. S.I.6 Flight Support Equipment (FSE)

This equipment will be tested in two modes to allow for capability buildup. The

test conditions will be similar but will be applied first without the use of the

interface verification unit (IVU) then with the IVU installed.

Without the IVU i

This test ia conducted in a Mechanical Te_t Laboratory. The objective is to

develop the subsystem and verify that the equipment will accomplish the egress-

ingress maneuver satisfactorily subsequent to exposure to Orbiter flight induced

environments. The interfacing equipment will b_ stressed simulatin6 acceiera_ion,



vibration, bending, and torsion loads associated vith ascent flight. When these

loads have been terminated, the interface panels will be commanded to separate

followed by the command for Tug release and tilt table actuation. The reverse

process will then be accomplished with loads associated with descent flight and

landing being imposed upon the equipment. This procedure will be repeated

through a sufficient number of cycles to assure that the system is operable

within the given conditions.

With the IVU

The IVU will be so constructed as to be able to simul_te Tug/Spacecraft con-

figurations of various c.g.'s and MOI's. The conditions of the former test

will be repeated through a sufficient number of cycles and Tug/Spacecraft

configurations, accompanied with appropriate scheduled and unscheduled

maintenance, and removals and replacements, to qualify the system to its

specification requirements of performance and reuse.

In both tests, i.e., "with" and "without the IVU", special test equipment

will be employed to effect zero-g mass balancing of the hardware under test

since it is designed for zero-g application.

2.3.1. 7 Interface Verification Units

IVUs are fabricated from either commercial, substitute, or the actual designed

and produced flight-weight Tug hardware. The one non-waiverable requirement

being tha_ the unit operate and/or respond exactly as the Tug would at the

interface under test. The amount of hardware required is dependent upon how

much physically and functionally is required upstream from the interface

under test. The interfaces being addressed here are those between associate
t

contractor hardware, i.e., Tug/Spacecraft, and Tug/Orbiter.

Tug/Spacecraft -- Deployment 0nly

These IVUs include capability for accomplishing deployment.

spacecraft attachment/release mechanism.

They consist of

These units are manufactured by the Tug contractor to his CEI specifications in

accordance with ICDs and IFSs placed upon both contracts as a result of agreements

2 - 2-2.
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between the two contractors and the customer. They are shipped to the spacecraft

contractors for their use in developing, qualifying, and checking out their _ide

of the interface. A like unit is shipped to the Tug contractor for his use in

the same activities.

Tug/Orbi ter

This unit has the external appearance of a Space Tug. Exterior material causes

no J, npact damage to orbiter or manipulator arms. The IVU includes mass charac-

teristics of flight weight Tug. Interfaces are production hardware, i.e., tilt

table connections, fluid-electrical interface panel, manipulator contact points,

latches.

This unit is for developing, qualifying, and checking out the interfaces between

the Tug and the Orbiter pertinent to the egress/ingress maneuver. Since the

developuent of these interfaces are as important to the Orbiter contractor as

to the Tug contractor, the manufacturin% and testing costs of the unit may be

shared. In this regard, and due to its estimated cost ($50,000), only one unit

will probably be constructed between the two contractors. Either an Orbiter

mockup or an operational Orbiter may be used for the test. Gravity compensation

will be required in the test setup. The objective is to assure operational

integrity of all interfaces, i.e., latches, disconnectsp tilt, maneuvering

arms grip/degrip, egress maneuver, ingress maneuver, etc. Importance of the

test is emphasized by the facts that when the maneuver is performed with a live

Tug, both the Tug and the Orbiter are fueled; the Orbiter is manned; if the Tug

can't be recovered_ this expensive vehicle must be left on-orbit; and, if the

first time _he maneuver is perfo__ned is deferred to the first live Tug flight

only to find a fault, particularly part way through the maneuver, the Orbiter

cannot acc_plish atmospheric reentry aerodynmnically unclean.



2.3.1.8 Electromagnetic Compatibility -- Manufacturing Site

An I_C integrated subsystems test (IST) will be performed on the first flight

vehicle. The PMC IST will fulfill the requirements of MIL-E-6051C for an

Electrical-Electronic Compatibility (EEC) test.

The EEC test will:

i. Verify a 6 db safety margin on all signal and control lines

determined mission-critical.

2. Verify a 6 db safety margin on circuits which analysis indicates

may be potential problems.

3. Verify operation within design tolerances of all subsystems when

operated as a system.

_. Verify transient levels on dc power buses at the input to

selected transistorized equipment do not exceed +50 percent of

nominal bus voltage.

5. Record Tug power buses to determine amplitudes of any extraneous

voltages.

6. Satisfy the receiver antenna conducted interference test require-

ments of MIL-E-6051C for Tug on-board equi1_ent.

The EEC test will follow post manufacturing acceptance for test of the vehicle.

Tug test data obtained from the special _,:C test instrumentation will be

evaluated with the entire system performance data (telemetry, stripchart

recordings, digital events recorder, etc. ) to determine that systems are

within their design and performance tolerances and that MIL-E-6051C required

margin of safety is provided.

2.3.1. 9 Transportation and Handling Verification

Transportation and handling procedures are developed after the definition

of requirements through transportability and transnortation analyses. The

verification of these Procedures affords an early oooortunitv to determine

the validity of these procedures for all phases of Space Tug movement

required at the assembly, test, and launch sites. The test objectives

include, as a minimum, the following:

• I
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o Load/unload Tug on transporter

o Load/unload _tg on _uppy _ype aircraft

o Transfer from one transportation vehicle to another

o Identify, through monitoring and recording instrumentation,

gj._0und and in-transit loads and stresses.

This is first conducted as a contractor I)T&E function and subsequently by the

customer an an OT_ effort.

2.3.1. I0 Eleetromagnetic Compatibility -- Launch Sites

These tests are not a complete repeat of the manufacturing site _NC test. The

objective here is to verify the on-site procedures and radiated systems (vehicle/

other vehicles/site) compatibility during open loop operation.

2.3.1.11 Refurbishment/Reuse Verification -- Launch Site

Launch site maintenance procedures evolve from those verified on the engineering

development fixture. They are developed and verified by performing the initial

appropriate ground operations on the first flight article. Subsequent to this

DT&E verification, the procedures are then evaluated by customer personnel

performing selected maintenance tasks on the flight test article effecting an

OT&E verification' These tests d_nonstrate the Tug's maintainability charac-

teristics and demonstrate that the required maintenance/refurbishment tasks

can be satisfactorily performed by customer personnel using the contractor

developed procedures. Furthermore, these tasks must be performed within the

maintenance down times and resources allocated for these tasks.

P

P

Launch site transportation and handling procedures will be verified in both

DT&E and OT&E throngh use of the flight test article. The validity of these

procedures will be determined for all launch site movement of the Space Tug,

not previously verified and will include, as a minimum, the folloving:

o Mate/demate vith simulated/dummy spacecraft

o Mate/demate _th flight support equipment.

o Load/unload Tug in Space Shuttle Orbiter.

v



2.3.1.12 .Maintainability Evaluation -- Flight Test Article, Launch Sites

The maintainability program to be conducted on the Flight Test Article is

described in the description of the maintainability program for the

em_Ineering development f_xture, 2.3.1.2.

2.3.2 Test Operations Manloadin5 Estimations

Manloading estimations employed the following steps:

a. Determine the major elements required to conduct the specific test.

b. Schedule these elements relative to each other.

c. Determine the quantities and types of key direct persormel

required to accomplish each element.

d. Complete the arithmetics.

Schedules and respective personnel estimates are presented on the following

pages for each of the tests within WBS element 32A-08-01.

• q
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STRUCFURAL TEST ARTICLE

PROPELI_IT TANKS PRESSURE CYCLE DEVELOPMenT TESTS

Personnel

Man- Type

Months Months Personnel

Test Management

1 Hanager

Test Requirements and

Planning

Cumulative

Personnel

i Analyst

2 Test Engineers

Test Article Preparation

2 Test Engineers

i Instrumentation

Technician

I Structural Test

Technician

i q.c.

Test Fixture Design

2 Engineers

,Test Setup

2 Test Engineers

2 Instrumentation

Technicians

Structural Test

Technicians

iQ.c.

Test Performance

2 Test Ensineers

3 Structural Test

Technicians

2 q.c.

Tear Down

2 Instrumentation

Technicians

2 Structural Test

Technicians

I Q.C.

1 5

1 2

1 9

0.5

0.75

7-5 1 Engineer IEngineer

9 3 Engineers

2 Engineers
2 Technicians

q.c.

2 __ngineers

2 Engineers

6 Technicians

1 Q.C.

2 Engineers

3 Technicians

2 Q.C.

h Technicians

I Q.c.

3.5

3.75

Engineers

Engineers

2 Technicians

I fl.c.

6 Engineers

6 Engineers

6 Technicians

i Q.C.

6 Engineers

6 Technicians

2 Q.C.

6 Engineers

6 Technicians

2 Q.c.

w



Personnel

Data Reduction mmd

Analysis

2 Engineers

Report Preparation

2 Engineers

TOTAL MAN-MONTHS:

STI_UCq_JRAL TL_T ARTICLE (Con_'d)

TANKS CYCLE DEV

Man-

Months |:onths

2 6

Type

Personnel

3 Engineers

1 2 2 Engineers

_7.75

C_mulattve

Personnel

6 Engineers

6 Technicians

2 Q.C.

6 Engineers
6 Technicians

2 Q.c.

P

_W

f



A

l °

E-_

_1 _J ___

-_I_LI I

o [-4

,Jk
- iP:,

,!i
'i!-_.,

MI

ml

_'.11

't
.l



iii

Personnel

STRUCTURAL TEST ARTICLE

PROPELLA_;T TA:IKS PRESSURE BURST DEV_,LOP,_RT TESTS

Man- Ty_.e

Months Months Personnel

)'

C_ulative

Personnel

Test Management 5-9 5.9 1Engineer 1 Eagineer

x.r

1 .Manager

Test Require_'_t_and

Planning

I Analyst

2 Test EnKineers

Test Article Preparation

2 Test Engineers

1 Instrumentation

Technician

1 Structural Test

Technician

1 Q.C.

Test Fixture Design

2 Engineers

Test Setup

2 Test Engineers

2 Instr_entat lon

Technicians

h StructuralTest

Technicians

I q.C.

3 9 3 Engineers

0(NASA) 0(NASA) 0 (HASA- in

Dev Cycle Plug)

; . .

1 5 2 Engineers

2 Technicians

Z Q.C.

0
s

0

0.5 _.5

0 (Designed for

Cycle Test)

2 Engineers

6 Technicians

iQ.C.

h Engineers

z ( ASA)

h Engineers (3 NASA)

2 Technicians

z Q.c.

Engineers (3 _,"_=_.'_,

2 Technicians

lq.C.

h Engineers (3 .r_c,_

5 Technicians

z Q.c.

_m

t "T

Test Performance

2 Test Engineers

3 StructuralTest

Technicians

2 Q.C.

Tear Down

2 Instrumentation

Technicians

2 Structural Test

Technicians

0._ 2.8

"0. 5 3.T5

2 Engineers

3 Technicians

2 Q.c.

h Technicians

1 Q.C.

Engineers (3 NASA)

5 Technicians

2 Q.C.

b Engineers (3 ;IASA)

5 Technicians

2 Q.C.

o



q&

Personnel

Data Reduction and

Analysis

I Analyst

2 Engineers

Report Preparation

2 Engineers

TOTAL HAN-MONTHS:

STRUCTURAL TLST ARTICLE (Cont'd)

TANKS BURST DEV

Man- Type

Months _onths Personnel

1 3 3 Engineers

#

'1 2 2 Engineers

35.95

26.95 (_;ASA)

Cumulative

Personnel

Engineers

5 Technicians

2 Q.C.

Engineers

5 Technicians

Q.c.

f
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STRUCTURAL TEST ARTICLE

PROPELLANT TANKS PRESSURE CYCLE/PROOF QUALIFICATION TESTS

Personnel

Man- Type
Months Months Personnel

Cumulative

Personnel

Test Management & _ 1 Engineer 1 Engineer

1 Manager

Test Requirements and

Planning

0 0 0 (in Dev or

Burst Plng)

i Engineer

1 Analyst

2 Test Engineers

Test Article Preparation

2 Test Engineers

i Instrumentation

Technician

i Structural Test

Technician

I Q.C.

Test Fixture Design

2 Engineers

Test Setup

2 Test Engineers

2 Instrumentation

Technicians

Structural Test

Technicians

i Q.C.

Test Performance

2 Test Engineers

3 Structural Test

Technic ians

2 Q.c.

Tear Down

2 Instrumentation

Technicians

2 Structural Test

Technicians

1 Q.C.

1 5

o 0

0.5 _.5

0.5 3.-5

0.75 3.75

2 Engineers

2 Technicians

i Q.c.

0 (Designed for

Cycle Test)

"2 Engineers
6 Technicians

i q.c.

2 Engineers

3 Technicians

2 Q.C.

h Technicians

z q.c.

3Engineers
2 Technicians

i Q.c.

3 Engineers

2 Technicians

I Q.C.

3 Engineers

5 Technicians

z q.c.

3 Engineers

5 Technicians
2 Q.C.

3 Engineers

2 TechniciansQ.C.

_v

d_
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Personnel

Data Reduction and

Analysis

I Analyst

2 Engineers

Report Preparation

2 Engineers

TOTAL MAN-MONTHS :

STRUC_JRAL TL3T ARTICLE (Cont 'd)

TANKS CYCLE/PROOF QUAL

Man- Type

Months _onths Personnel

2 6 3 Engineers

1 2 2 Engineers

Ct--ulat ire

Personnel

Engineers

5 Technicians

2 Q.C.

h Engineers
5 Technicians

20..C.

O

D
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REg_RBI SI_4EtFf/IiEUSEVERIFICATION

EI*CINEERING D._,;VELOPMENTFIXTURE

MAINTENASuE (M) I'ROCEDUR/,:SVERIFICATi0t_

(PHASED INITIAL AND DIRECT DEVELOPED)

PERSONNEL
.ii

Test Management

1 Supervision

MONTHS MANMONTHS TYPE PERSONIIEL

8 8 I Engineer

Test Requir_ents
Plann  .......

3 9 3 Engineers

1 M Engineer - Avionics

I _ Engineer - Propulsion

1 _ Engln_er - Struct/Mech

Test Article Preparation 0 0

Test Fixture Design 0 0

Test Setup 1 3 3 Engineers

--.

1 M Engineer - Avionics

1 _ Engineer - Propulsion

1 _._Engineer - Struct/Mech

Test Perfo'rmamce

1M Engineer - Avionics

1 }4 Emgineer - Propulsion

1 _ Engineer - Struct/Mech
2 Technicians - Avionics

2 Technicians - Propulsion

2 Technicians - Struct/Mech

3 _tality Control

1 Safety E_ineer

Tear Down 0

e 26

0

h En_ineers
6 Technic ian,_

3Q.C.

Data Reduction and

Analysis '

1 3 3 E,%gineers

i _ Engineer - Avionics

I _ Engineer - Propulsion

I _ Engineer - Struct/Mech

Report Preparation 1 3 3 Engineers

] _.]Engineer - Avionics

i H Engineer - Propulsion

1 _ .Engineer- Struct/Mech

TOTAL :._ MO}_fHS: 52

PERSO!_EL-CUM.

i Engineer

h Engineers

h Enzineers

5 Engineers
6 Technicians

3Q.C.

5 Engineers
6 Technicians

3 Q.C.

5 Engineers
6 Technicians

3Q.C.
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D

d

,PERSONNEL

Test Hanqement

Test Requirements
_.n--T_ __

I M En_neer

Test Ar_telt _repara_ion

Test Fixture Design

Test Setup

• 5 _ Engineer

Test Performance

1 M Engineer

Tear Down

Data Reduction

and Analysis

• 33 M Engineer

Report Preparation

• 5 _ Engineer

_'Je_SE'_E_TI_UJS_.V_Zr_CATIO_

_GI_EERING DEVELOPM_ FIXTURE

MAINTAINABILITY (Z_4)EVALUATIO_ "

(PHASED INITIAL A_D DIRECT DEf..LOPED)

M01_THS _L_.D;_THS TYPE PERSO_IEL

@ 0

1 1 1Engineer

0

0

2

0

0

i •5 Engineer

6

O

6

2

6

0

2

1

1Engineer

• 33 Engineer

.SF_ineer

FERSOI_-r.-C1.,_.!.

i E_ineer

• Engineer

i E_ineer

i Engineer

i E_ineer
• •

O
i

o., .....

TOTN, MAN MONTHS: 11
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PI_PULSI_ TEST VEHICLE

(Phased Zn:l.t:l.sl and Direct Dereloped)

Personnel

Test Management

.5 Manager

(Prope_an_ Feed)
•0.5 Branch Manager

(Fill & Drain)

0.5 Branch Manager

0.5 Branch Manager
(Pressurization)

0.5 Branch Manager
(Pneumatics/YVC)

Test Requirements and
Planning

5 Propulsion Engineers
(Feed, F&D, V&R,
Press., Pneum/TVC)

0.5 Propulsion GSE Engr.
0.25 Electrical GSE _-Ingr.

0._ Instrumentation En_r.

Test Article Preparation

1 Engineer _ Feed
2 Technicians

1 Engineer I F_D
2 Technicians J

0.5 Engineers J
1 Technician i V&R

1 Engineer ' _
2 Technicians" _ Press.

0.5 Engineers* _ Pneu/TVC
1 Tec_ician
2 Quality Control (Q.C.)

Test Fixture Design

Nmaths

17

7

3

&

Man- _"_pe
Months Personnel

59 3.5 Engineers 3._ m_Zueer,

-c66)

_2 6 Engineers 9-_

_2 Engineers
8 Technicians

2 q.C.

2 Engineers

2 Engineers

8

IS Eu_fneers
8 Technicians

Q.C.

I_ En_neers
8 Technicians

q.c.

_• "-w

o

2



_ROPULSION TEST VEHICLE (CO_T'D)

(Phased Initial and Direct Developed)

Personnel

Test Setup

1 Engineer
3 Technicians
• Engineer
3 Technicians

• Engineer
5 Technicians

2 Engineers
Technicians

3Q.C.

Test Performance

LH2

LO2

Press.

Pneu/TVC

GSE

Engineers
(See Test Art.

Prep. )
3 Engineers-Facility

15 Technicians

(See Test Setup)

i Engineer _ Data

1 Technician ) Acquisition

3Q.C.

Test Teardown

3 Engineers
lO Technicians

1Q.C.

Months

3

Man- Type

Months Personnel

69

108

Cold (162)

• i_

Data Reduction and Analysis 2 18

5 Engineers

(Propulsion)

• Engineer
(Data Acquisition)

3 Engineering Aids

Report Preparation I 5

5 Engineers

TOTAL MAN-MONTHS :

5 Engineers

15 Technicians

3 q.c.

16 Technicians

3 Q.C.

3 E_in_rs

10 Technicians

1 Q.C.

9Emglneers

5 Engineers

Personnel-

Cumulative

l_Engineers
I_ Technicians

M q.c.

16 Engineers
16 Technicians

q.c.

16 Engineers
16 Technicians

q.C.

16 Engineers
16 Technicians

_Q.c.

16 Engineers
16 Technicians

M q.C.

@"
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REFURBISh_ _-;_/E_CSE VERIFICATION

PROPULSID:; TEST VEHICLE

MAINTAI:IABILITY (:!) EVALUATION

PERSONNEL

Test Management

Test Requirements

and PlanniDg

•5 M Engineer

Test Article Preparation

Test Fixture Design

Test Setup e

Test Performance*

Tear Down

Data Reduction

and Analysis

.2 M Engineer

Report Preparation

•5 M Engineer

_!,_fHS b_;:_:_HS TYPE PERSONNEL

O 0

-5 .25 -5 Engineer

0 0

0 0

0 0

0 0

-0 0

5 1 .2 Engineer

1 -5 -5 Engineer

PERSO:_IEL-C_4.

•5 Engineer

•5 Engineer

•5 Engineer

•7 Engineer

1.2 Engineer

TOTAL MAN MONTHS:

mActs as observer only

• 6
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INTEGRATED AVIONICS TEST _IT

PERSONNEL

Test Management

I. 0 Manager

0.5 Branch Manager

(Data Mgmt Assy)

O. 5 Branch Manager

(Guid. ,Nay. & Cont. )

O. 5 Branch .Manager

(Communic at ion s )

O. 5 Branch :.:anager

(Instrumentation)

0.5 Branch Manager

(Pwr & Distribution)

0.5 Branch :.:anagar

(aSE)

Test Requirements and

Planning

1 DMA Engineer

1 GN&C Engineer

1 Comm. Engineer

1 Instr. Engineer

1 Pwr & Dist. Engineer

1 GSE Engineer

Test Article Preparation

2 _4A Engineers

2 GN&C Engineers

3 Comm. F_gineer s

1 Instr. Engineer

2 P_r & Dist. Lngineer

1 GSE Engineer

1 Propulsion Er_ineer
12 Electronic Teci_nicians

1 Mechanical Technician

7 Quality Control (Q.C.)

Test Fixture Design

Engineers

MONTHS _taZ;_-?3[_THSTYPE PERSONIIEL

3_ 136 h Engineers

8 56 7 Engineers

6 192

Test Setup

3.5 Elect Engineers

O. 5 Prop. Er_ineers
12 Elect. Technicians

3 Mech. Technicians

q.c.

• _ 81;

12 Engineers

13 Technicians

7Q.C.

h Engineers

h Engineers

15 Tec__nicians

2Q.C.

PERSOX_EL-C_4.

Engineers

11 Engineers

12 Engineers

13 Technicians

7Q.c.

16 Engineers

13 Technicians

7 q.C.

16 Engineers

15 Technicians

TQ.C.



1

III'TI_RA_ .,:.VZO:;."_S TEST U_IT
( Con't,inued )

(

PERSOi_IEL

Test Perfornance

7 Elect. Engineers
9 EIeet. technicians

2Q.C.

mtmi_.__gs s

"15 285 7 Engineers
10 Technicians

2 q.C.

Test Teardown

I. 2:; _aCg_. Zngineers
0.75 Prop. Engineers
6 Elect. Technicians

1 Mech. Technician

1 q.c.

2 20

Data Reduction and

Analysis

11 Elect. Engineers
(See Test Art. Prep.)

h Engrg, Assts.

Report Preparation

7 Engineers
(See Test Rqmts &Plng)

9O

I 7

2 Englr._ers
7 Technicians

1 q.c.

15Engineers

7Engineers

16 Engineers
15 Technicians

7 _.C.

16 Engineers
15 Technicians

? Q.c.

16 Engineers

15 Technicians

7 q.C.

16 Engineers

15 Technicians

7 Q.c.

TOTAL MANMO;Fi"_S: 886

Ip
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REFURBI SE_T/RZUSE VERIFICATIO_I

INTEGRATED AVIO';ICS TEST UNIT

MA_TAI_ABILITY (_) EVALUATION

(PI_ASED I//ITIAL _ DIRECT DEVELOPED)

PERSO;_IEL
i

Test Man_ement

Test Requirements

sea Plann as .........i

• 5 _ Engineer

Test Article preparation

Test Fixture Design

Test Setup s

Test Performance m

Tear Dovn

Data Reduction and
Analysis

.2 M Engineer

Report Preparation

•5 M Engineer

_DNTHS _D:;THS TYPE PERSONNPT

0 0

1 -5 .SEngineer

0 0

0 0

0 0

0 0

"-0 0

10 2 .2 Engineer

2 1 •5 Engineer

_PERSOIFJEL-CL:.!.

•5 Engineer

•5 Engineer

•5 Engineer

•7 Engineer

1.2 Engineers

TOTAL MAN MO_HS: 3.5

P

[

gActs as observer only
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FLIGHT C0:_TROL SI_._/LATIO:!

(DEPLOE._T CAPABILITY O_LY)

PERSO_,_EL
i[. |

Test Management

(In IATU)

Test Requirements
and Planning

(in zA_)

Test Article Preparation

(In XATU)

Test Fixture Design/
Facility Preparation/
Test Setup

2 Engineers

1.5 Technicians

Test Performance

Software & 1.5 Engr

Simulation Dev

Integ. & C/0 3.5 Engr
1.5 Tech

Test _ Engr
3 Tech

P 17.5

Test Teardovn

(in Test Performance)

5 T.5

3 15.0

1

Data Reduction and

2 Engineersqe

! P_epor t Preparation

i (In IATU)
!

T.O

i

_9-5

8.0

TOTAL MAn.OURS: 55.0

T_ez Pz,eso,;n_.

2 Engineers
1, 5 Technicians

1.5 Engineers

3.5 Engineers
1.5 Technicians

h Er_ineers

3 Technicians

2 Engineers

PERSOIr.;EL-CL?:!.

2 Engineers

1.5 Technicians

Engineers
3 Technicians

Engineers

3 Technicians
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FLIGHTSUPPORTE_UIP!_;T ._ESTOPERATIONS

9

_+

i

Test Management 9 9"

3.Manager

Test Requ*_e_t s 0 0
and Planning

(in FSE v/o IVU)

Test Ar_+Preparation 3 2_

i Interface Engr

1 Instrumentation Engr

I Mechanical En_r

i Mass Properties Engr

0.5 Structural En_r
2.5 Technicians

lq.C.

Test Fixture Design 2

2 Engineers

Test Setup

•0.5 Interface Engr
0.5 Instr_unentation Engr

I Mechanical Engr
2 Technic£ans

1Q.C. ..

Test Performance

1 Interface Engr
O. 5 Instrumentation Engr

0.5 Mechanical Enqr

0.5 14a_s Properties Er_r
0.5 Structural Engr
2 Technicians

2q.C.

Test Teardovn

1 Interface Engr
0.5 Instr_entation Engr

2.5 Tec._nicians
0.5 t4echanical Engr
0._ Strut _ .... 1 _-_r
IQ.C.

2 10

0.5 3

(._ _sz v/o zvu)

_.5 Engineers
2.5 Technici_s
1Q.C.

2 Engineers

2 Engineers
2 Technicians

1Q.C.

3 Engineers
2 Technicians

2Q.c.

2.5 Engineers
2.5 Technicians
1 q.C.

1 Engineer

5.5 Engineers
2.5 Technicians

IQ.C.

7.5 Engineers

2.5 Technicians

1Q.C.

7. _ Engineers
2.5 Technicians

i Q.C.

7.5 Engineers
2.5 Technicians

2Q.c.

7. _ Engineers
2.5 Technicians
1 Q.C.



FLIGHTSUPPORT EQUIP:._r_r.Fr TEST OPERATIONS

(CO:U.)

PERSO;F,_EL

Data Reduction and

Analysis

1 Interface Er_r

1 Mechanical Engr
O. 5 Data Engr

0.5 Data Tech

1 Mass Properties En6r

Report Preparation

I Interface Engr

i Mechanical Engr

i Mass Properties Engr

1 Instrumentation Engr

1 Structural Engr

MONTHS _I_.:31.'THS TYPE PERSONI_EL

2 8 3- 5 Er_ineers

O. 5 Technicians

1 5 5 Engineers

PERSOI_.;EL-CL%I.

8 Engineers

3 Technicians

lq.c.

8 Engineers

3 Technicians

1Q.C.

TOTAL MAN MONTHS: 77

" 4,

e
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FLIGHT SUPPORT EQUIP.'._ TEST OPERATIOZlS

(wn_ TKE z_ _n AN Om_TZ_)

P

PERSO_JNEL

Test Management

1 Manager

Test Requirements

and Planning
(in FSE v/o IVU)

_NTiIS r.'_; P,Oh-r Hs

9 9

0 0

Test Article Preparation 3 2h

1 Interface Engr

1 Instrumentation Engr

1 Mechanical Engr

1 Mass Properties Engr

0.5 Structural Engr

2.5 Technicians

1Q.C.

Test Fixture Design

2 Engineers

Test Setup

t

•@

0.5 Interface Engr

0.5 Instrumentation Eru_r

I Mechanical Engr
2 Technicians

i q.C.

Test Performance

1 Interface Engr
0.5 Instrumentation En_r
0.5 Mechanical Engr

0.5 Mass Properties Engr
0.5 Structural Engr
2 Technicfans

2 q.C.

Test Teardown

1

O.

2.

O. 5 Hechanical ErLgr

0._ Structural Engr

1Q.C.

Interface Engr
5 Instrunentation En_r

5 Technicians •

2

2 i0

2 1_

0.5 3

TYPE PERSON_EL

i Engineer

(In FSE v/o IVU)

h. 5 Engineers

2.5 Technicians

1Q.C.

2 Engineers

2 Engineers
2 Technicians

1Q.C.

3 Engineers
2 Technicians

2Q.c.

2.5 Engineers

2.5 Technicians

1q.C.

PERSO_ EL-C_:!.

1 Engineer

1 Engineer

5.5 Engineers
2.5 Technicians

IQ.C.

7.5 Engineers
2.5 Technicians

IQ.C.

7.5 Engineers
2.5 Technicians

i_.c.

7.5 Engineers

2.5 Technicians

2Q.C.

7.5 Engineers

2.5 Technicians

1 Q.C.



FLIGI_P SD_PPORT E_UIF:._---4TTEST OPEP/TIO::S

(WITH THE IVU A_D ;45 ORBITER)

(co:_.)

PERSONNEL

Data Reduction and

Analysis

1 Interface Engr

1 Mechanical Engr

0.5 Data Engr

0.5 Data Tech

I Mass Properties Er_r

Report Preparation

1 Interface Engr

I Mechanical Engr

i Mass Properties En_r

I Instr_-_entation Engr

1 Structural Engr

fDNTHS "'""'n"_':e_-I#%_ G.'.J.qA,._

2 8

1 5

TYPE PERSOLqEL

3.5 Engineers

0.STechnicians

5 Engineers

c_¢_" _PERo. _V._L-CC. _.

8 Engineers

3 Technicians

1 °q.C.

8 Engineers

3 Technicians

1Q.C.

TOTAL MAN MO;,_HS : 77
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ELECTF, O:L_JLK?I C Cn.,__A?!SILiTY

(FLIGh"f TEST ;_CICLE - :IC;UFACTURII_G SITE)

PERSO_IEL

Test Management

i Manager

Test Require.men= s

and Planning

1 EMC Engineer

0.5 D:LA En6r

0.5 6q|&C En_r

0.5 Corn. EnRr

0.5 Instr. Engr

0.5 Pwr and Dist Engr

0.5 GSE Engr

Test Article

Preparation

1 EMC Engineer

0.25 D:L_ Engr

0.25 G_;'_C Engr

0.25 Corm. En_r

0.5 Instr. Engr

0.25 P_r and Dist Engr

0.25 GSE Engr

3 Technicians

2q.c.

Test Fixture Design

i Engineer

Test Setup

I _4C Engr

3 Technicians

zQ.c.

Test Performance

2 _24C Engineers

3 Technicians

1Q.C.

Test Teardovn

I _C -n_ineer

3 Technicia_ns

lq.C.

r.D:_fHS "':C;":O:;THS

•.

TYPE PERSO:H_EL

8.5 8.5 I Engineer

16 _ Engineers

O. 5 3- 87_ 2.75 Engineers

3 Technicians

2Q.c.

2 2 1 Engineer

0.25 1.25

1 6

0.25 1.25

i Engineer

3 Technicians

xQ.c.

2 Engineers

3 Technicians

1Q.C.

i Engineer

3 Technicians

ZQ.C.

PERSO;_.;EL-CL".'.

i Engineer

5 Engineers

5 Engineers

3 Technicians

2 Q.c.

6 Engineers

3 Technicians

2Q.C.

6 Engineers

3 Technicians

2Q.C.

6 Engineers

3 Technicians

2Q.C.

6 Engineers
3 Technicians

2Q.C.
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ELECTRO:.IAG:,_TICCO,_r_ATIBILITY

(FLIGHT TEST ARTICLE - MJt_/FA_;G SITE)

PERSOnnEL

Data Reduction

and Analysis

2.T5 EaS_eers
(See Test Art. Prep. )

I Data Engrg Engr
1 Data Technician

:._;:..'ONTHS

9.5

TYPE PERSO:_;EL

3.75 Engineers
1 Technician

Re_rtPre_atlon 1 Engineers

Engineers

(See Test Requirements
and Planning)

PERSOIr.;EL-Ct_.4.

7 Engineers
Technicians

2 Q.C.

7 Engineers
Technicians

_Q.C.

TOTAL MAN MONTPm: 52.375

O

-5:?



° !

_,°

"O

%.

"t



O

___

w

REFUR_I S'-_._q,T,'._EUSE "/.:,RIP!CATION

FLIGHT_ T[ST ;--.-_,ICL_

TR_-NSPORTATION ASD H_;DLII;G P'_OCEDUF_S VERIFICATION

PERSO,_EL NONTHS ,'.qA:;_.._NTHS

0 0

s 6

Test Man_ement

Test Requirenents
and Planning

2 Transportation and

Handling Engrs

Test ArticlePreparation 0 0

0 0

1 2

Test Fixture Design

Test Setup

2 Transportation and

Handling EnErs

Test Performance 2 20

2 Transportation and

Handling EnErs

1 Crane OperaZor
Technicians - Struct/Mech

1 Driver

I quallty'Control

1 Safet_ Engineer

Tear Down 0

1Data Reduction and

Analysis

2 Transportation and

Handling EnErs

Report Preparation

2 Transportation and

Handling En6rs

1

0

2

2

TYPE PERSO:_JEL

2Engineers

2 Engineers

3 Engineers
1 Crane 0p.

Technicians

1 Driver

1Q.C.

2Engineers

2Engineers

.°

TOTAL M_ MO_"_HS: 32

2Eng/neers

2 Engineers

3 Engineers
1 Crane 0p.

Technicians

1 Driver

I q.C.

3 Engineers
1 Crane Op.

Technicians
1 Driver

1 q.C.

3 Engineers
1 Crane Op.
k Technicians
1 Driver
1 Q.c.
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ELECTRO!.[AGNETI C C0:._ATIBILITY

(FIRST DE'_ TUG - LAU:.;CHSITES)

; !

J

!j •
I!•

it

L

{-

PERSO:EIEL

Test Management

1 Manager

Test Requirements

and Planning

1 EMC Engineer
O. 5 DMA Engr

0.5 _I&C Engr

0.5 Corm. Engr

0.5 Instr. Engr

0.5 P_r and Dist Engr

Oh5 GSE Engr

Test Article

Preparation

1 EMC Engineer

0.25 D:._ Engr

0.25 G_;&C Engr

0.25 Cor_u. Engr

0.5 Instr. Engr

0.25 Pwr and Dist Engr

0.25 GSE Engr

3 Technicians
sQ.c.

Test Fixture Design

1 Engineer

Test Setup

1 _._C Engr

3 Technicians

I Q.C.

Test Performance

2 _4C Engineers

3 Technicians

1Q.C.

Test Teardovn

i _4C _ngineer

Technicians

1Q.C.

!._IITRS _L_;:.:O:;TES

3 3

TYPE PERSONNEL

1 Engineer

0 0 (In 5_g Slte

Planni_ )

0.5 3.6_5

o.25 0.:_5

0.5 3

0.25

2.75 Engineers

3 Technicians

2Q.c.

1 Engineer

1 Engineer

3 Technicians

1 q.c.

2 Engineers

3 Technicians

I q.C.

1 Engineer

3 Technicians

1q.c.

PERSOIr._EL-CL_.:.

1 Engineer

1 Engineers

3.75 Engineers

3 Technicians

2q.C.

h.75 Engineers

3 Technicians

2 Q.C.

M.75 Engineers

3 Technicians

• 2 Q.C.

h.75 Engineers

3 Technicians

2 q.c.

h,.T5 Engineers

3 Technicians

2q.c.

2"6 



ELECTRO:.L_G:,._2IC C0:._ATI BILITY

" (FIRST DELIVERED TUG - LAb_CH SITES)

PERSO_NEL

Data Reduction

and Analysis

2.75 Engineers

(See Test Art.

I Data Engrg Engr
I Data Technician

Prep. )

•Report Preparation

TYPE PERSO:;NEL

1 _-75 3-75 Engineers

i Tec._nician

1 _ _ Engineers

Engineers

"(See Test Requirements

and Planning)

°

21. 375TOTAL _._-_" MONTHS :

2-6 

%

.)

P-RSO,,., E._-C_.•,.

5.75 Engineers

h Technicians

2 Q.C.

5.75 Engineers

Technicians

2 Q.C.
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REFURBISH3_,_f/FZUSE VERIFICATION

(FLIGHT TEST ARTICLE - ETR)

MAII_TE_[AHCE _ P.._3CEDURE EVALUATION

(PHASED I::ITL_L ;roD DIRECT DEVYLOPZD)

PERSO_;EL I.DI_HS :.ta/;i.._:d_fHSTYPE PERSONNEL

Test ' Management

I Supervision

" 5.5 5- 5 1 E_ineer

Test Requirements

and Planning

2 6 3E_ineers

I M Engineer - Avionics
I _Engineer - Propulsion

l_Englneer - Struct/Mech

Test Article Preparation 0 0

Test Fixture Design 0

Test Setup - -5

1 "M Er_ineer - Avionics

l_.Engineer - Propulsion
l_[Englneer - Struct/Mech

"t

Test Performance I

l_Engineer -'Avlonics

1 M Engineer - Propulsion
l R'Engineer - Struct/Mech

2 Technicians - Avionics

2 Technicians - Propulsion
2 Technicians - Struc%/Mech

3 quality Control

0

1.5

12

3Engineer

3 Engineer
6 Technicians

3 q.C.

Tear Down 0 0

Data Reduction

and Analysis

l_Engtneer - Avionics

1 M Engineer - Propulsion .
l_Engineer - Struct/Mech.

Report Preparation 1

3

3

3Engineers

3Engineers

l'_Englneer - Avionics

l_En_ineer - Propulsion

l]_',Engineer - Struc_/;.:ech

TOTAL MANM0";THS : •31

PERS0:_EL-CL?.:.

1Engineer

Engineers

Engineers

Engineers
6 Technicians

3 Q.C.

h Engineers
6 Technicians

3 Q.C.

Engineers
6 Technicians

3 q.C.

At
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REFUR BISS-"._"_,_/RZUSE VERIFICATIO:I

FLIGHT TEST ARTICLE (ETR)

MAL_TAI/;ABILITY (,L_)D_,ONSTRATIO_[

(PHASED E;ITIAL A_D DIP_CT DEVZ_LOPED)

PERSOI_.;EL

Test Management

Test Requirements
and P1 arming

1 M Engineer

Teat Article Preparation

Teat Fixture Design

Test Setup

•5 M Engineer

Test Performance

1 M Engineer

Tear Down

Data Reduction

and Analysis

1 M Engineer

Report Preparation

.75 M Engineer

_D_HS :.IA:[MONTHS

0 0

2 2

TYPE PERSO:;_:_'I,.

• 7

1 Engineer

0 0

0 0

2 1 •5 Engineer

1 1 1Engineer

0

2

0

2

3

1 Engineer

• 75 Engineer

.i'

PERSO:C;EL-Ct?.!.

1Engineer

1 Engineer

1 Engineer

1 Engineer

1 Engineer

TOTAL MAN MONTHS: 9
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2.4 FLIGHT TEST PROGRAM

The development process culminates in the flight test program. It has been a

goal during this study to conduct as little flight testing as possible

commensurate with demonstration of mission performance to a high degree of con-

fidence. The two major variables involved are amount of ground development

testing conducted prior to committing the first Space Tug to flight, and

amount of risk to be accepted by program management. To arrive at a prudent

balance_technical complexity of a subsystem, related experience, and cost

were considered in formulating a ground test plan directed at minimization of

flight testing. As a result flight test objectives are associated primarily

with the zero-g aspects of space flight.

2.4.1 Flight Test Objectives

Objectives are aimed at verifying that the Space Tug can accomplish assigned

missions within the specified mission envelope of performance and time

requirements.

_9

.

2.4.1.1 • Propulsion Subsystem

The use of liquid hydrogen and liquid oxygen as propellants is no longer a new

technology. Before the end of the Saturn-Apollo program the practice of accept-

ance firing each S-IVB stage was terminated. Injection into earth orbit of

Apollo 17 was the first firing experienced by S-IVB stage #512. Skylab 2 and 3

launches were performed by S-IVB stages which were acceptance fired many years

earlier. Subsequent to their firings stages 206 and 207 logged extensive hours

of storage, transportation, modifications_inspections and an additional factory

checkout. This activity (or lack of it) emphasizes the fact that with

sufficient development testing and proper adherence to quality control pro-

cedures some operational testing can be reduced.

Calling on this related experience the first firing of a Space Tug will be

on-orbit. GroMnd testing of the main engine support assembly (MESA) is con-

sidered •adequate to provide the required confidence. The objectives for flight

testing then are:

propellant settling in a zero-g environment

propellant utilization

propellant feedline and engine thermal conditioning



propellant conditioning

2.4.1.2 Avionics Subsystem

This subsystem is of sufficient complexity and importance to Tug flight

operations that strong emphasis is placed on its development through the use of

the Integrated Avionics Test Unit. Information will be obtained through

operational instrumentation as to performance of the assemblies of the subsys-

tem as missions are performed. _s a consequence the only flight test

instrumentation will be in support of the following objective:

Avionics cold plate temperature stabilization.

2.4.1.3 Thermal Insulation Subsystem

Both ground and flight test data verify analytical predictions of heat transfer

and resulting LH 2 boil-off rates. For Options 1 and 3I this flight test commands

even more importance because of the lack of conduct of the ground test. The

flight test objective for the subsystem is:

Zero-g heat transfer.

2.4.1.4 All Subsystems

Components and assemblies of the subsystems attach either to primary or second-

ary structure. Components developed on the Tug program will be exposed to

vibration and shock along with their attaching structure mud backup structure.

Some of this testing will be accomplished at higher levels of assembly. In

the absence of a dynamics test of the total system it is adviseable to obtain

this information in flight. The resulting objective:

Vibration levels of selected critical installations.

2.4.2 Fli_ht Test Instrumentation

Instrumentation foz the purpose of obtaining data relative tothe_above

objectives will be installed on the first flight vehicle. At the termination

of the flight program (2 flights) the instrumentation will be removed and the

Tug processed through a normal turnaround cycle. The vehicle will then

continue normal operations within the fleet.

L



2.4.2.1 Pro mLlsion Subsystem

Sp-n_fic equ[_ent and/or ,_n_ors and signal conditioning _qu_pT, ent are

required for each of the objectives.

@

Pro_ll_nt Settling

A short LH 2 capacitance probe will be installed in the LH 2 tank such that

the upper end will be 3 ft (0.914 m) above the feed outlet. This probe will

indicate the reduction in emount_or the laek_of bubbles.

Propellant Utilization

This objective can be satisfied by operational instrumentation.

_l_ll,_nt Feedline and Engine Thermal Conditionin_ _d Pronellant Conditioning

T_nperature p_,'obes will be installed in the propell&nt fecdlines; four in the

LH 2 feedline and three in the LO 2 feedline.

2.4.2.2 Avionics Subsystem

Fifteen temperature patches placed in selected locat_ons will allow evaluation

of the ntability of the cold plate temperature.

2.4.2.3 Themn_l Insulation Subsystem

Selectively positioned thermocouples are used to detc_::_ine heat transfer losses;

four on each feedline, four on the insulation tank, four on the _brc_d and four

at other eritice.l locations. In addition, two pressure _ransduce_'s will monitor

purge b_ ol_eration.

2. h. 2. h Vibration M_,,asurements

Either a three axis or a one _xls aceeleromet_r :_ill bc ._.....r_ in the locations

mualyzed to be critical.

Flight test information will be acquired on the first t_,'oflights. These flights

will carry selected spacecraft for orbital pl:cement. O])taining this information

as a secondary mission objective presents a challe_e to the fli;_bt scheduling

effort, the result of which will be a balanc:, betveen ;_i.'-zion/sp,_,_cceraft and

flight test objectives.

2 -71



The objectives, instrumentation, and flights discussed above pertain to Tug

subsyste_as. An objective and flight test to be performed in addition to

these is the on-orbit verification of the egress-ingress maneuver. This is

an Orbiter/Tug interface flight test. Equipment will consist of an Orbiter

and a Tug/Orbiter Interface Verification Unit (IVU). This unit is for

developing, qualifying, and checking out the interfaces between the Tug and

the Orbiter pertinent to the egress/ingress maneuver. Since the development

of these interfaces are as important to the Orbiter contractor as to the Tug

contractor, the manufacturing and testing costs of the unit may be shared.

In this regard, and due to its estimated cost ($50,000), only one unit will

probably be constructed between the two contractors. For the flight test,

if the IOC is December 1979, an "empty bay" Shuttle flight test may be

utilized_ if the IOC is later, a dedicated Shuttle flight would be required.

Objective of the test is to assure operational integrity of all interface,

i. e. , latches, disconnects, tilt, maneuvering arms grip/degrip, egress

maneuver, ingress maneuver, etc. Importance of the test is emphasized by

the facts that when the maneuver is performed with a live Tu,_, both the

Tug and the Orbiter are fueled; the Orbiter is manned; if the _h_g can't be

recovered, this expensive vehicle must be left on-orbit; and, if the first

time the maneuver is performed is deferred to the f[-'st live Tug flight

only to find a fault, particularly part way through the m'_neuver, the Orbiter

cannot _ccomplished atmospheric reentry aerodynamically unclean.

2. h.h I:anloac1ing Per Test

M_%nloading estimates employed the following steps:

a. Determine major elements required to conduct the specific test.

b. Schedule these elements relative to each other.

c. Determine the quantities told types of key direct pczsonnel

required to accomplish each element.

d. Complete the arithn,etics.

2.h.h.l Schedules and Estimates

Schedules and respective personnel estimates a:_:epresented on the following

p_es for each of the tests within WBS el_ent 32A-08-0h.

4
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FLIGHT TEST OPERATIONS

IVU

(EG SS-  G SS)

PERSOZ_{EL MONTHS _'._2_MO;_HS

Flight Test Planning

i Electrical Engr

i Propulsion Engr

I Struct/Mech Engr

i Thermo Engr

I Instrumentation Engr

1 Interface Engr

i Project Engr

i Mass Properties Engr

2- 16

Launch Opera_ions Support

(WBS 32C-09110)

35 Engineers
80 Technicians

0.75 O-

Flight Operations Support

(WBS 32C-iii12)

30 Engineers

0.25

Flight Test Operations

Support

i Project Engineer

i Interface Engineer

1 Struct/Mech Engineer

I Mass Properties Engr

i Instrumentation Engr

1 5_

Data Analysis and

Evaluat ion

8 Engineers

(See Flight Test Ping)

i Data Acquisition Engr

i Data Technician

1 I0

Report Preparation

i Project Engr

i Interface Engr

1

i Instrumentation Engr

0.5 Electrical Engr

0.5 Propulsion Engr

0.5 Struct/Mech Engr

0.5 Thermo Engr

0.5 Mass Properties Engr

TOTAL M_NMONTHS:

0 4m ---m

5

5.5

36.5

TYPE PERSONNEL

8 Engineers

0 Engineer

0 Engineer

5 Engineers

9 Engineers

i Technician

5.5 Engineers

PERSONNEL-C5_4.

8 Engineers

8 Engineers

8 Engineers

6 Engineers

7 Engineers

i Technician

7 Engineers
i Technician

4
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FLIGHT Tj_ST OPERATIONS

(Conducted Concurrently with O?)erational Flights--Phased Initial and Direct Developed)

f

PERSOP'; EL

Flight Test Plannin_

2 Elec. Engineers

2 Prop. Engineers

1 Struct./Mech. Engineer

1 Thermodynamics Engineer

i Effectiveness Engrg Engr

2 Project Engineers

r.D_{M0;ITHS TYPE PERSO:_r_EL PERSO',_:EL-CL".I,

81 9 Engineers 9 Engineers

Launch Operations Support

(WBS 32C-09/i0)

Flight Operations Support 1.5

(WBS 32C-ii/_2)

Flight Test Operations

Suppur

2 Elect. Engineers

2 Prop. Engineers

I Struet./Mech. Engineer

1 Thermodynamics Engineer

1 Project Engineer

Data Analysis and Evaluation _

9 Engineers

(See Flt. Test Plng.)

3 Data Acquisition Engrs

2 Data Acquisition Techs

•

O_

35-

56

7 Engineers

12 Engineers

2 Technician;

9 Engineers

9Engineers

9 Engineers

12 Engineers

2 Technicians

Report Preparation

9 Engineers

(See Fit. Test Plng.)

TOTALM;dHIOURS:

1 9 9 Engineers 12 Engineers

2 Technicians

181

Instrumentation: $100,000 - 0.006 vehicle cost
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2. _. _. 2 Flight Test Costs

Instrumentation: $0.10_ M

Flight Test Operations: $0.750 M

Total: $0.85_ -M

Flight test operations cost includes the egress-ingress maneuver interface flight

test using the IVU and two Tug flight tests performed as secondary mission

operations on spacecraft carrying flights.

¸



2.5. IMPACT OF OPTION SE_SITIVITIZS

Vehicle test is affected lightly or not at all by the differences from the

l_'ineLl_, e=phases.

:@.

a_

Pr_o6r=atic Sensitivity for a T_ Year Later IOC_(_Dec. 31, 1981)

A later I0C results in no impac_ on the vehicle test program. To maintain minimum

I_T&E @oSt,_:_tests would be added, and a later I0C offers no opportunity to

reduce an already minimum program. For cos_ and funding impact refer to

Section 8, Volume 8.

2.5.2 DDT&E Effects for >36 Hour Mission Duration

A greater mission duration would not affect the vehicle test program but some

effect would be reflected in lover assembly level hardware DDT&E (WBS) 32A-03,

reference Section 9, Volume 5.

2.5.3 19p_ct__to_p/gyld e 300 Watts to Payload

Provision of power to the space@raft would not affect the vehicle test program

but some effect would be reflected in lover assembly level hardware DDT&E (_S)

32A-03, reference Section 9, Volume 5.

2.6 ANALYSIS OF TEST PROGRAM

i

Elements of a test progrsm normally include-"

Supportlng Research and Technology (SR&T)

Development and qualification testing of the lower hardware assembly

levels, i.e., parts, components, subassemblies, and assemblies

Reliability'testing of selected items

Repairability/maintainability testing at the Line Replaceable Unit (LRU)

level '

Development, qualification, maintenance, and maintainability testing of

major or vehicle level test articles

Acceptance testing of the lower level hardware

Acceptance testing of the completed Tug

Prelaunch testing '

.Flight testing of the completed CEI

2-79



For purposes of this study, these elements have been organized into their

associated operational areas.

2.6.1 _Supporti_ng Research and Technology (SR&T)

Depending upon the option,some subsystems require preceding SR&T• The testing

program is based, however, upon the assumption that all required SR&T is completed

prior to ATP of the Tug Phase C-D. Therefore, SR&T discussions are found in

Section 8, Volume 5, and Section 10, Volume 8.

2.6.2 Development and Qualification Testing

This testing is accounted for at two levels_ components and assemblies, and

vehicle test•

2.6.2.1 Component and Assembly Testing

A goal in this study was to identify as many of the selected components as

possible which could be qualified to Tug requirements by means other than

testing, i.e.,

A - Analysis

I - Inspection

D- Demonstration

S - Simulation

For those items, identifiable ins conceptual study, achievement of that goal

has been reached.

2.6.2.2 Vehicle Test

The bulk of the test program is comprised in this activity, and properly so.

When assembly reaches this level, it is approaching, or has become, the Space

Tug. This is the first time the lower level hardware has been assembled into

the Tug configuration. This is where true Tug develol_nent takes place. Dis-

cussion of test hardware and operations is located in Section 2.1 and 2.3,

respectively. The test programs have been formulated to comply with Tug

program requirements of minimum/low DIE&E, demonstrate reusability, etc. It

is always possible that less _esting can be performed. But it is also a



o
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fact of product development life that as the activity which proves that the

design/manufacturing process meets the design requirements, i.e., test, is

lowered, the risk that the product will perform as required raises. Another

view is that as dollars are shoved out of develol3nent, they pop up in

operations. There is, therefore, a cross over point where further reductions

in develol_unt/qualiftcation costs are not sound Teductions. At the level

of desig_ definition available fran a conceptual stu_, the test progrem

described in the fgregoi_ sections reflect an adequate balance between

teehnl_marance and budgetary limitations.

As a rH_'_Of the component selection process, reliability analyses_ develop-

ment and qualification test design,and cost limitations no specific reliability

testing is identified for this option.

2.6._ Reusability Demonstration

Deaonstration of the reusability of the Space Tug, and therefore the components

of which it consists, bears close resemblance to that of any reusable equipment.

Such a demonstration really spans three separate but allied activities: the

overall design/test philosophy_ component/subassembly level development and

qualification testing; and repairability/maintainability testing at all levels

of assembly.

2.6. _. 1 Design/Test Philosophy

This is a c_bination of four approaches and is discussed in Section 2.3.

2.6._.2 Component Testing

Where applicable, critical test conditions or enviromnents are imposed in

accelerated life modes or in repeated cycles to assure their survivability

witch the limits: to be specified.

2.6. M. 3 Maint enance/Maintainabllity Testing

This testing is commenced early in the program at the component level on the

bench and carried through the program ut_ilizing the deveiopment fixture,

the propulsion te_t vehicle, the Integrated Avionics Test UnAt, and

.4. ,_ _._+ +_t article. The activity is designed to assure the

repairability/maintainability of the line rel_ceable hardware,



accessibility of LRUs within the Tug design and adequacy and effectiveness of

procedures. The latter is accomplished first in the development mode by the

contractor, followed in the operational test and evaluation mode by the

customer.

2.6.5 Acceptance Testing

Items acquired from vendors and subcontractors will be conducted at their

facilities under MDAC and customer Q.C. direction. Post manufacturing

acceptance testing of the completed CEI will be conducted in the Vehicle

Checkout Laboratory (VCL) at MDAC, Huntington Beach. These activities are

discussed in Section _.

2.6.6 Prelaunch Testing

This testing consists of receiving inspections, pre and post mate tests

(both spacecraft and orbiter), propellant loading preparations, launch

readiness tests and maintenance/refurbishment checkouts. These tests have

been formulated to blend within launch site operations procedures, Tug/

Spacecraft and Tug/Orbiter interface compatibility, maximum reuse capability,

and cost constraints. The activity is discussed in Section 11.3, Volume 6.

2.6.7 Flight Testing

Flight testing has been held to a minimum in terms of engineering information

acquisition and of cost. Maximum use must be made of ground test results

through analysis emphasizing flight application. Identified flight test

objectives are concentrated on those subsystem operations specifically

affected by a zero-g environment. Satisfaction of these obJective_coupled

with the analyses of ground test results will assure verification of the

Tug's capability to accomplish assigned missions within the mission envelope ,

to be specified, of performance and time requirements. While the objectives

are not considered of minor significance, the flight tests can be flown on

spacecraft-carrying fllght§,_ whl'ch is beneficial from a cost standpoint.

In addition to the subsystem oriented flight test objectives, one further

mission objective is associated with the egress-ingress maneuver , i.e.,

getting the-T_ =d*_ :i_C_c_ft At of and back into the orbiter cargo

-bay. This objective, the subsystem objectives, and the flight test require-

ments are discussed in Section 2.4.

t



Section 3

FACILITIES PLAN

I

The requirements developed by operations analysis in the areas of manufacturing,

test, integration, C/O, launch, recovery, refurbishment, and storage were

matched against existing, modified, and nev facilities on the basis of avail-

ability, @ompatibility, and cost.

It was determined that facilities are not configuration sensitive; cost is

not a det_rm_tnate factor in selection; existing facilities can be utilized

for most requirements; and horizontal mating is a preferred method.

3.1 MANUFACTURINO FACILITIES

Manufacture and checkout of the Space Tug will be accomplished at the McDonnell

Douglas Astronautics Company, Huntington Beach, California, facility.

The Huntington Beach facility was planned and designed from inception to provide

fully integrated facility capabilities for space vehicles. Its buildings con-

sist of engineering and administration offices, a Systems Integration Laboratory,

Structural Test Laboratory, Space Simulation Laboratory, Production Test

Laboratory, Manufacturing and Assembly Building, Insulation Building, Final

Assembly.and Checkout Building, and other service and support buildings.

j

Maximum utilization will be made of the existing MDAC and government owned

facilities used on the Saturn SIVB Orbital Workshop and other programs in

the develol_nent and production of the Space Tug. This will include but not

be limited tosuch MDAC facilities as the existing machine shops, sheet metal

shops, process shops, electrical/electronic fabrication and assembly, and

supporting inspection and test laboratories.

A preliminary list of additional facility requirements identified at this time,

for each of the configurations are shown in Table 3.1-1 along with ROM cost

and procurement lead time estimates also shown in Vol. 6, Book i, Section 11.5

and Section 4.3 of this Book.

3.2 TEST FACILITIES

Production testing _(_u_d checkout) will be done at Huntington Beach in existing

qaboratories of the McDonnell Douglas Astronautics Company facilities. These



laboratories, designed and used for space vehicles, will require little or

no modification for use in the Space Tug Program.

Vehicle PTV tests will be conducted in test cell J4 of the AEDC facility at

Tullahoma. Test cell Jh provides an altitude simulation capability lacking

in the test facilities at Huntsville. Thermal tests of the vehicle will be

accomplished in the NASA High Vacuum facility utilizing an existing scaled

down and instrumented tank that will fit the 15 foot diameter chamber. These

government facilities are available at no cost or at a nominal fee depending

on the using agency (see Table 3.1-1 ). See also Volume 6, Book i, Section

11.5.1 and Section 2 of this Book.

3.3 OPERATIONS FACILITIES

The requirement for Tug launch facilities at ETR will be satisfied with con-

struction of one new building, by modification and refurbishment of existing

buildings and by use of Orbiter facilities that can be expanded or adapted

to include Tug service.

4

At WTR,construction of a new Payload Processing facility together with use of

programmed Shuttle facilities expanded to satisfy Tug needs will provide the

support required. A tabulation of these facilities' status and cost is

presented in Table 3.3-1. Additional information is available in Volume 6,

Book i, Sections 11.5.2 and 11.5.3,

New construction and modification to existing buildings (the first three items

of Table 3.3-1) is shown in Tables 3.3-3 and 3.3-4.

3.h IMPACT OF OPTION SENSITIVITIES

3.4.i Option 1

o Programmatic sensitivity for a two year earlier IOC (De. 31, 1983) will

have a schedule effect in terms of facilities need dates as described in

Section 1.7 of this Book.

o DDT&E effects for 736 hour mission duration will not have an impact on

facilities.

o Impact to provide 300 watts to payload will not have an impact on facilities.
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Section 4

VEHICLE MANUFAC_JRING

The vehiclemanufacturing plan of the Space Tug (see Figure h-i ) contains

the Space_,_ manufacturing support of the DDT&E requirements, the Space Tug

production manufacturing plan, including Peak Rate charts, Manufacturing Flow

Plans, tooling required to manufacture the Space Tug per the prescribed rate

and the f_ilities_that will be required to accomplish the task. Also included

in this section are the problem areas, special processes required, summary

analysis and manufacturing philosophy engendered into the manufacturing plan.

The impact of the options and the sensitivity to these options are delineated

in this section. Factory GSE lists have been made and are also included.

h.l PLAN/FLOW/TIME

The manufacturing plan/flow/time elements used for the manufacture of the

Space T1/glre based on the following key factors:

• Low Production requirements

• Minimum DDT&E costs

• Low Production Manufacturing Costs

• Low Early Year Funding

• Low Manufacturing Rate Requirement

• Test Article Requirements Support

• Utilization of existing Capital Equipment, GSE, and facilities

• High Reliability and Reuseable requirements of the Space Tug.

The above noted key factors were considered and incorporated into the Manufac-

turing plan with the principal motivating factor being the high reliability

and reuseability requirement.

4.i.i Manufacturing Requirements

This section has been divided into two parts to separate the manufacturing

requirements for major test articles from those needed for the production of

-_-o---_+........o_+_.I__N_ dedicated flight test articles are planned for this

program. Schedule requirements for the major test articles are presented in
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Section 1.2. Wherever practical or feasible from a schedule standpoint,

manufactured test components will be fabricated during tool proofing to provide

lower program cost, reduce Planning effort, provide a greater lead time, and

reduce Tooling setup times for test components.

4_

4.1.1.1 Major Test Articles

A. Structural Test Articles

Manufacturing will support the development testing and the qualifi-

cation testing of structural test hardware by producing one tank set

for each of three tests. A tank set consists of an LO 2 tank and an

LH 2 tank, as the structural test article is not tested as an

assembled entity. Two tank sets will be used during development

testing, one for the hydrostatic pressure cycle and one for the hydro-

static pressure burst test. One set of weldment/Joining Joints will

also be produced for development testing.

The third tank set produced will be used for qualification testing

during a hydrostatic pressure cycle. One body structure, a thrust

structure, and a set of support elements will be produced by

manufacturing for qualification testing under static loads: axial,

shear and bending. One set of Joints will be manufactured also

for qualification testing of compression and bending under static

loads.

D

@

Be Propulsion Test Vehicle (PTV)

Hardware produced by manufacturing for the PTV test includes one each

of the following articles: main engine support assembly, structures

assembly, interface panel assembly, purge provisions assembly, abort

provisions assembly, and one set of electrical and propulsion GSE.

The main engine will be GFE for this test. As a cost reduction

consideration the LO 2 and the LH 2 tank used in this test will be the

previously fabricated Tooling Proof tanks developed to "prove and

complete" the tooling required in tank manufacture. Cost savings to

the program, by using these tanks is consistent with MDAC's policy

of low cost and high reliability. Use of these existing tanks is



reflected in the hardware usages schedule for the time-phased

production of test articles.

Co

D°

E.

Although the PTV is not a true Space Tug vehicle, being used only to

develop and qualify the main engine support assembly and associated

interfaces, the components which comprise the PTV will be of produc-

tion quality to assure that components and interfaces function within

the specified limits. The propellant tanks will be fabricated and

assembled on production tooling, but will not have the tapered or

chemical milled skins used for regular "flight weight" tanks.

Integrated Avionics Test Unit (IATU)

Items of test hardware produced to support the IATU test include one

avionics subsystem "set" plus spare equivalencies; one set of inter-

facing hardware (sensors, valves) from such typical subsystems as

thermal control, propulsion, and orbiter interface; and one set of

ele_:tronic GSE and associated software. Associate contractors will

supply, in addition, interface verification units for such systems

as _;pacecraft, orbiter, and launch processing. Components comprising

this IATUwill be of flight production Tug quality, with complete

qualification of parts at the component level to assure functional

integrity.

Flight Control Simulation (Deployment Only)

Test hardware to be produced by manufacturing in support of this

test will be one set of the navigation and guidance command (GN&C)

subsystem.

Flight Support Equipment (FSE)

For the Tug/Orbiter FSE with an Interface Verification Unit (IVU),

manufacturing will provide: one tilt table, two fluid/electrical

interface panels, one abort dump interface panel, and one electrical

interface panel. Special test equipment will also be provided to

effect zero g mass balancing of the hardware under test.

Q



Interfaces identified are those between associate contractor hardware or

customer hardware. Interface hardware furnished to MDACby an associate

contractor for the IVUwill be controlled to assure functional fit and

alignment by interface master tooling. This master will be produced,

controlled and maintained by_AC to exact specifications, and supplied

to the associate contractor for interface control.

4.1.1.2 Flight Articles

MDAC does not plan to provide dedicated flight test articles, as the high

reliability and reusability stressed in the initial design, and proven in

development tests, will assure flight-worthy hardware. Thirteen vehicles

will be the total Tug. See Mission Accomplishment, Volume 4 for flight

vehicle requirements. Manufacture of the flight articles is described in

Section 4.1.2, together with the production flow for test, integration,

insulation and checkout.

r
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4.1.2 Manufacturin E Schedule and Flow

The manufacturing schedule is based on the Production Schedule, shown in

Section 1.3, which is the basis also for the manufacturing flow charts, lead

time set-back charts, and_first tool usage requirements.

The manufacturing flow schedule shown in Figure h-2 begins with Engineering

design effort at ATP, and defines the sequence of activities by Procurement,

Planning, Tooling and Manufacturing through detail fabrication, subassembly and

assembly, integration and installation, through final checkout and preparation

for shipment. Major inspection points such as proof and leak check are also

shown in this chart.

The Peak Rate Tree Chart presented in Figure _-S shows both detailed

manufacturing steps and the units in flow at peak production rate. This chart

is the key document that establishes individual unit timing and line position

during peak manufacturing rate, and was established by analyzing both tooling

and machinery capabilities and the elapsed hours required to maintain a full

line at peak rate. When these data are organized into a logical work flow

plan, the resulting chart establishes the baseline for manufacturing buildup

and factory output to support NASA delivery milestones.

Additional detailed manufacturing sequence flow charts are contained in the

Manufacturing Plan which follows in Section h.l.3. Purchased components and

fabricated details are shown in sequence of manufacture from raw material through

various stages of processing and assembly to the final checkout position.

r
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h.l.3 Manufacturin£ Plan

The manufacturing plan outlined in this section is structured as follows:

• Fabrication and Subassembly (structures) plan and Flow Plans.

• Tank Bonding and Insulation plan and Flow Plans

• Final Assembly and Final Joining Plan and Flow Plans

• Propulsion Fabrication and Subassembly Plan and Flow Plans

• Avionics Fabrication and Subassembly Plan and Flow Plans.

• _duction Acceptance Test Plan

A descriptive narrative of the manufacturing approach for each of the above

noted manufacturing tasks and the manufacturing flow plans are delineated in

the following sections and in the same numerical order above.

h.l.3.1 Fabrication and Subassembly Plan (Structures)

The fabrication and subassembly requirements for the manufacture of the

structural components comprising the space tug are state-of-the-art and will

not require the developmert of unique r_nufacturing processes. Low cost

"soft" tooling i.e., layout templates, router/blocks, drop hammer dies, etc.,

will be used extensively where practical. The LH 2 and the LO 2 domes will be

subcontracted to a vendor that currently has the capability to manufacture a

one piece dome. In order to accomplish this task in house the program costs

would be higher, ergo the low cost requirement would not be met. The forward

frame and the intertank frames will also be subcontract items to a vendor

that specializes in this type of manufacture and is low cost oriented.

The fusion Joining of the LH 2 tanks and the LO 2 tanks will be accomplished

using the latest Tig welding techniques. Note: The welding process employed

in the manufacture of the space tug LH 2 and LO 2 tanks is fully discussed in

Section h.5 Summary Analysis/Philosophy.

t

The manufacturing requirements for each of the space tug components are out-

lined in the space tug fabrication flow plans, see Figure _-_ thru _-8 .
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_.i.3.2 Tank Bonding Plan

The tank bondii_ and insulation plan for the bonding of the insulation and

the Kapton purge bag stand-offs is delineated in the space tug fabrication

flow plan see Figure _-9 . SIVB technology and new bonding processes

currently being developed in-house will be implemented into the tank bonding

and insulation plan. The plastic stand-off's will be bonded to the tank wall

and domes, the double aluminized mylar (DAM) will be fitted to the tank and

will be pierced by the plastic standoff's and bonded to the tank.

4.1.3.3 Final Assembly and Final Joining Plan

The final Usemblyand final Joining line sequence flow are outlined in the

Final-Assembly/Joining flow plan see Figure _-i0 .. The LO 2 and the LH 2

tanks are built-up as modular assemblies in the horizontal mode. The LO 2

and the LH 2 subassembly Jigs are then mated per leader pins and index points

and the final Joining, installations, and checkout are accomplished. After

Joining, checkout, integration etc., the space tug is emplaced into a handling

fixture for installation of final closeouts. The interface requirements are

verified per a master fixture, the center of gravity of the vehicle is

established and the completed vehicle is bagged and prepared for shipping.
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h.i.3.4 Propulsion System

The major components which comprise the LO 2 and LH 2 propulsion ducts systems

are as follows:

1. LO 2 Feed Duct and Sump Assembly

2. LO 2 Fill and Drain Duct

3. LO 2 Emergency Dump Duct

h. GO 2 Vent Duct

5. LH2Englne Feed Duct

6. LH 2 Fill and Drain Duct

7. GH 2 Vent Ducts

The external portions of all the ducts are 30hL corrosive resistant steel

(CRES) tubing with approximately 0.030 inch wall thickness. That portion of

the duct which passes into the tanks will be 2219 aluminum. Master tooling

parts (HTP's) will be developed for each duct to furnish the required

manufacturing data for fabrication and weld assembly.

Each duct will be manufactured and tested as an integral unit. Upon instal-

lation, each duct system will be subjected to simple leak tests prior to

system checkout. Manufacturing requirements are currently state-of-the-art.

The pneumatic system for the Space Tug is presented in Section h.l.S.h.8.

D
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h.l.3.h.l LO? Feed Duct and Sump Assembly

The [_)2 feed duct is approximately h feet long, formed to connect the LO 2 tank

with the engine. The duct assembly is made from four different segments of

2 inch diameter tubing with 3 flex gimbals and 2 flanges. The material is

304L corrosive resistant steel. (see Figures h-ll to _-13 )

The sump assembly is approximately 15 inches in diameter at the tank attach

flange and has a 2-inch nominal diameter flange on the duct end and is about

15 inches overall. The sump will be made from a "closed die" forging, which

will only need minimal cleanup and attach hole drilling prior to assembly

with the flange. The material is 2219 aluminum.

The welding operations will be present state-of-the-art. TIG welding

processes will be used for the duct, with automatic TIG tube welding equip-

ment, when applicable, typical for both steel and aluminum.

Handling fixtures will be furnished for protective moving, insulation

application and storage. The size of the assemblies will allow hand

pickup and no slings are anticipated. The flex gimbals will be purchased.

_/- / /
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LH 2 TANK

LO 2 TANK

ENGINE

PRE-VALVE (FLANGED)

SUMP (ALUM}

GIMBAL (3 REQD)

FLANGE

Figure 4-11 LO 2 Engine Feed Duct
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_.i.3.4.2 LOp Fill and Drain Duct

The LO2 fill and &rain duct consists of a short corrosive resistant steel

(30hL) flex section, and an alumin_ (2219) line that interfaces with the

CRES flex section and is welded to LO 2 tank aft dome and extends into the

LO2 tank to approximately the aft centerline. (See Figures _-I_-16)

The flex section is made from 2-inch diameter tubing with two flex bellows,

two flan_ and a fill/drain valve. The CRES flex section is about 16 inches

long. The aluminum section is made from 2-inch diameter formed tubing with

a single flange which interfaces with the flex section. The aluminum section

will be welded to the aft LO 2 tank dome during tank assembly.

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, when applicable.

Handling fixtures will be furnished for protective storage. No slings (HFH)

will be required, as hand pickup is adequate. The flex bellows and control

valve will be purchased.

 -Z3
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LH 2 TANK

I

r

LO 2 TANK

FLANGE

(TYP)

2" I.D. CRES DUCT

BELLOWS 12 PLACES)

LO 2UMBIL PANEL (FIEF)

MOUNTING BRACKET

(TYP)

2" I.D. ALUM DUCT

LH 2 UMBIL PANEL (REF)

VALVE

(FLANGED)

Figure 4-14 LO 2 Fill/Drain Duct
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6

4.i. 3. _. 3 LO 2 Eaergency Dump Duct

The LO 2 emergency dump duct is approximately 8-feet overall. The duct consists

of a corrosive resistant steel flex section and a short aluminum section that

will be welded to the LO 2 tank. The flex section is m_de from 3-inch

diameter tubing with six flanges, two flex bellows and two control valves.

(See Figures _-IV %0 _-21 ).

The weldin_ operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, where applicable.

Handlin@ £1_res (HF) will be furnished for protective moving, wrapping

insulation and storage. The flex sections will be picked up by hand and

only one sling (HFH) will be furnished to hoist the complete flex section.

The flex bellows and the dump valves will be purchased.

I
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LH 2 TANK

4V

LO 2 TANK

3" I. D. ALUM

DUCT

BELLOWS

3" I. D. CRE$ DUCT

LO 2 UMBIL PANEL (REF

FLANGE

DUMP VALVE (FLANGEDI

(2 REOD)

LH 2UMBIL PANELIREFI

"Y" DUCT. CRES

BELLOWS

Figure 4-17 Emergency Dump Duct
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_.i.3.&.4 GO2 Vent Duct

The gaseous oxygen vent is approximately 15 feet long, formed to connect the

LO 2 umbilical to the forward centerline of the LO 2 tank. The forward end of

the duct is divided into a "Y" shape with two flanges to attach to the two

vent valvms. The duct assembly is made from 2 inch diameter tubing with two

flex bellows, 3 flanges and two vent valves. The material is 30_L corrosive

resistant steel. (See Figures _-22 _0 &-2_ )

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equil_ment will be used, except where not applicable.

Handling fixtures (HF) will be furnished for transportation, insulation

wrapping and storage. The assembly will be picked up by a handling fixture

sling (HFH), to simplify handling. The flex bellows and vent valves will

be purchased.

i



BELLOWS VENT (HORIZONTAL)

BEI

FLANGE

GH 2

(VERTICAL)

INTAKE

OUTLET

DIFFUSER

:r" I.D. TRIPLE MANIFOLD

DUCT. CRES (FLANGED)

VENT VALVE
(2 REQO)

2" I.D. CRES DUCT

2"' I.D. "'Y" DUCT

ZONTAL

VENT VALVE

(2 REQD)

.D.

ALUM DUCT

|" I. 0. CRE|

MOUNTING BRACK ET---_
(TYP)

LH 2 TANK

IIELLOWII

2" I.O. CRES DUCT LO 2 TANK

LO:t UMBIL PANE1

Figure 4-22

FLANGE

L LH UMBIL

PANEL (REF)

GH 2 Vent Duct
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4.1.3.4.5 LH2 Engine Feed Duct

The LH 2 engine feed duct, with the exception of a small single-walled duct aft

of the pre-valve, is vacuum Jacketed. Vacuum Jacketed ducting is within our

manufacturing capability, however a cost tradeoff will be necessary to determine

if we should make or buythe vacuum Jacketed ducting. (See Figure 4-25 thru _-27 ).

The LH 2 engine feed duct consists of three sections, referto illustration:

Section A includes the pre-valve and extends to the engine connection. This

section Is0Y single-wall construction, insulated with wrapped m_lar or equiv-

alent materials. Section B extends from the LH 2 tank sump to the approximate

half breadth of the L02 tank. This section is double-walled, vacuum Jacketed

construction. Section C extends from approximately the L02 tank half breadth

to the pre-valve. This duct section is also double-walled, vacuum Jacketed

construction. All three sections will use 30_L corrosive resistant steel

tubing. The flex bellows, pre-valve, burst disks and vacuum fittings will

be purchased.

The vacuum Jacketed duct sections will require more complex weld fixtures than

the single walled ducts, and a precise sequence of assembly must be followed.

Each duct section will be proof and leak tested individually and after they

are assembled, a simple leak test is required to assure the interface sealing

reliability.

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable.

!

!

I°

Handling fixtures (HF) will be furnished for transportation and storage. The

large assemblies wi!l be picked up by handling fixture--hoist (HFH) to prevent

damage to the assemblies.
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Figure 4-25 LH 2 Engine Feed Duct
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4.1.3.4.6 LH 2 Fill/Drain Duct

The LH 2 fill/drain extends from the LH 2 umbilicalpanel up to and into the

LH 2 tank. The duct is composed of many subassemblies which will make up ten

(i0) complete sections, as follows:

Aft "Y" section Q_

Forward "Y" section

Inboard flex section

Outboard flexsection

Forward vacuum Jacketed section

Aft vacuum Jacketed section

Inboard tank penetration (L) (aluminum)

Inboard tank penetration (aluminum)

Outboard-inside flange extension into LH 2 tank

(See Figure No. _-28 t-hru_-36 )

Q (aluminum)

The ducts will be made from 3046 corrosive resistant steel tubing, except that

any duct which penetrates and/or extends into the LH 2 tank will be 2219 aluminum

tubing. The flex bellows, valves, burst disks and vacuum fittings will be

purchased. The vacuum Jacketed duct sections will require more complex weld

fixtures than the single walled ducts, and a precise sequence of assembly

must be followed.

Each duct section will be proof and leak tested individually after assembly,

while a simple leak test is required to leak test the interface sealing.

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable.

Handling fixtures (HF) will be furnished for transportation and storage. The

large assemblies willbe picked up by handling fixture-hoist (HFH) to prevent

damage to the assemblies.
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Figure 4-28

LH 2 Fill/Drain Duct
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.1.3._.7 GH 2 Vent Ducts

The GH 2 vent system consists of 2 separate sections, namely the vertical and

horizontal sections. The vertical section extends from the hydrogen umbilical

to the forward centerline of the hydrogen tank. The horizontal section connects

to the forward end of the vertical section and extends along the hydrogen dome

to the upper side while in a horizontal position. The vertical section is

approximately 30-feet long, while the horizontal section is approximately

9-feet long. Both sections consist of flanges, flex bellows, and 2-inch

diameter tubing. The forward end of the vertical section has three flanges,

with two flanges attaching to vent valves and the other to the horizontal

section. (See Figure _-37 thru _-_0 ).

The welding operations will be present state-of-the-art. Automatic TIG tube

welding equipment will be used, except where not applicable.

Handling fixtures (HF) will be furnished for protectively moving, insulation

wrapping and storage. A handling fixture hoist (HFH) will be furnished for

the vertical section, however the horizontal section will be picked up by hand.

The flex bellows and valves will be purchased.

!
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4.1.3.4.8 Pneumatic (Helium) System

The pneumatic system consists of titanium storage bottles filled with helium

and with 1/4 inch and 1/2 inch diameter tubing connecting the bottles to

control valves for the following systems:

LH 2 Feed

LH 2 Fill and Drain

GH 2 Vent

LO 2 Feed

LO 2 Fill and Drain

LO 2 Emergency Dump

GO 2 Vent

The tubing will be thin-walled corrosive resistant steel (304L) and will be

brazed (or welded) in place, upon installation. The lengths and bend radii

will be controlled by bend radius templets (BRT).

The pneumatic systems for the various configurations will be very similar

except for the location of the pressure bottles, and resulting plumbing

requirements. The ambient configuration bottles are located on the thrust

structure, while the "cold" configuration bottles are located in the LO 2

tank. The cold configuration requires a helium heater at the umbilical, with

additional plumbing.

Q
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h.i.3.5 Avionics Fabrication, Assembly, and Installation

The avionics fabrication, assembly end installation manufacturing concept is

based on the use of modular electrical/electronic units. Typically, a module

consists of a housing with 5-1ayer thick film hybrid assemblies, state-of-the

art at MDAC, connected by a h-layer flexible printed wiring harness. The

modules are mounted on baseplates with an interconnecting wire harness to

comprise a complete tested unit ready for installation on the vehicle support

structure, Purchased assemblies will be adapted to the support structure by

fabrica%_ mounts. Instrumentation transducers that are integral to the

vehicle structure or other subsystems will be installed during the relevant

assembly operations. All other transducers, electrical/electronic units and

interconnecting cable assemblies will be installed during and after final

assembly of the vehicle. Items comprising the avionics subsystem are

tabulated below.

i

Quantitv !_n_t Quant itz Uni____t

50 Interconnecting Cables 1 RF MUX

i0 MIU' s 1 SGLS/USB Transponder

1 Data Control Unit 1 CMD Decoder

1 PCM Formatter 1 COMSEC. Equipment

1 GSE/ORB I/F Unit 2 Tape Pecorders

1 Spectrum Converter 1 High Gain Antenna

1 Computer 1 AGZU Primary Battery

6 Instrumentation Power I NICAD Backup Battery
Supply

1 NICAD Backup Battery

2 Startracker - Strapdown i Power Dist. Assembly-

2 IMU - Tuned Rotor Hybrid

i Mod/Demod Processor i Power Amplifier

I OMNI - Directional 200 Transducers

Antenna

i Microwave Circuitry

Installation

The manufacturing and assembly concept will require minimum tooling. The

manufacturing flo_ _lans for the avionic components are depicted in Figures

4-_i and _-42.
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h.i.3.6 Production Acceptance Test Plan

MANUFACTURING IN-PROCESS TESTS - STRUCTURAL�MECHANICAL

Tank Structures

Propellant tanks will be proof and leak tested after basic assembly, but prior

to further buildup. Each individual tank assembly will be connected to a

hydrostatic test facility where it will undergo a proof pressure test.

The LH 2 tank will be filled with water while simultaneously submerged with

water in an outer tank to prevent over-stressing of the aft dome due to static

head pressure of the internal water. All LH 2 tanks will be tested with a

uniform differential pressure in this manner.

The LO 2 tanks will be tested in the same facility, but will not be submerged

during the test.

Structural integrity historical data formation will start at the time of tank

proof tests by the real time monitoring and recording of acoustical emissions

emanating from minute plastic deformation and fractures occurring upon

initial pressurization. Emission quantity and rate recorded during the pres-

surization cycle will serve to uncover trends in structural weaknesses, and

provide a real-time analysis of potential failures. Automated data handling

will permit ongoing interpretation and warning during the proof test cycle

should crack growth rates exceed a pre-determined level. Permanent test

records will then provide a data base to be used in subsequent test result

correlation.

During tug mid-life refurbishment operations, additional static pressure tests

will be performed with further examination of acoustical emission data. This

data will be correlated with the initial proof test data, enabling a more

thorough structural integrity evaluation and life forecast per stage.



Initial leak tests will be performed on each tank assembly after proof tests.

All leak tests will be done pneumatically using ambient gaseous helium as a

trace gas with the test pressure not to exceed a 4:1 design burst ratio. All

weld seams and each through fastener will be checked for leakage. Leak detec-

tion will be by the use of portable helium sniffers with clearly defined go,

no-go acceptance requirements.

Tank leak checks will not be done during mid-life refurbishment unless the

tanks are stripped ofall insulation and sufficient reason exists.

Pneumatic Installations

Each pneumatic duct, line, and component Joint will be leak tested after

assembly with gaseous helium, pressurized to expected operating pressures

except where some segments may exceed a 4:1 design burst ratio. No pneumatic

testing will be performed at less than 4:i unless sufficient shelter and

shrapnel screening is provided.

Electronic Assemblies

Electronic black box subassemblies (PCB's, thick film substrates, etc.) will

be tested on existing government owned automatic testers. Boards will be

tested prior to and after conformal coating. Specialized test programs will

be developed to thoroughly exercise each circuit and interrelated components

prior to next assembly.

Final black box assemblies will be tested after all assembly operations are

completed to ensure operability within go, no-go acceptance limits.

I

P

Major Subcontractor Hardware

Flight articles produced by a major subcontractor will be acceptance tested at

the supplier prior to delivery. In-plant checkout capability will be

necessary, however, to fault isolate subsystems to the black box level in

parallel with vehicle checkout. Supplier systamtest sets may be required if

practical.



Refurbishment

Intermediate and final checkout will be performed on all factory refurbished

or modified vehicles in a similar manner as the initial factory checkout.

Additional testing may involve specialized modification/rework tests not

normally done in the initial checkout. Such tests are evident where struc-

tural modification or repairs are necessary. Remote site acoustic emission

evaluation of tank quality is also anticipated. A very minimum of acceptance

tests on refurbished vehicles would be a repeat of the original factory final

checkout.

Data accumulated will be statistically compared with original and mission

performance data to assist in the quality evaluation for future refurbishment

duty cycle rework requirements.

Batteries

Batteries will not be received at the factory, but will be delivered directly

to the launch site. Either battery simulators, or special batteries installed

for the purpose of Tug checkout will be used for in-plant tests.

Factory Checkout - Tu 6 Vehicle

Final system checkout will be as thorough as practical prior to shipment of

each Tug vehicle from the factory. Launch, mission profile, and recovery

operations will be simulated as close as practical in a factory ambient

environment to exercise all on-board functional systems without actual pro-

pellant loading.

Checkout will be performed to go, no-go limit criteria controlled from

manufacturing GSE. This checkout will in part simulate the launch checkout

performed prior to launch.

All test operations will be performed by automated computer controlled GSE

with go, no-go analysis displayed and printed on reproducible hard copy.

This factory checkout GSE will be of the same design as the launch site GSE.

Primary differences in factory checkout and launch checkout will include

additional data recording at the factory to establish certain instrumentation

calibration bases for mission purposes, payload simulation, more thorough leak

rate evaluation, and the obvious absence of flight propellants.



6

Initial test program software will be developed and proven in the Integrated

Avionics Test Unit (IATU) prior to first vehicle application. Subsequent

software configurations will likewise be routinely verified in the final

checkout position or offline prior to use.

h.2 TOOLING REQUIRD4ERTS

Tooling requirements generated by the fabrication and assembly flow plans previously

outlined in Section h.l.3 are presented in the following list, as are the tools
!

needed tO_duce _md/or modify items of Ground Support Eouipment used for factory

checkout. Tooling abbreviations are defined in the glossary of definitions.

TOOL TOOL

DESIGNATIONS DESIGNATIO_

AJ

AT

ATP

BJ

BRT

CT

DD

DJ

FB

FDH

FDS

HF

HFH

LF

LT

MCM

TOOL

NOMENCLATURE

Assembly Jig MF

Apply Templet MMT

Auxiliary Tool Production MT

Bonding Jig MTP

Bend Radius Templet NMT

Contour Templet PLM

Draw Die PMT

Drill Jig PT

Form Block PTE

Form Die-Hammer RB

Form Die-Swage SFB

Handling Fixture SWF

Handling Fixture-Hoist TEA

Lathe Fixture TJ

Layout Templet WF

Machine Control Medium WJB

TOOL

NO_ENCLATtn_E

Mill Fixture

Master MaskinK Temnlet

Masking Templet

Master Tooling Part

Negative Masking Templet

Plastic Laminating Mold

Positive Masking Templet

Profile Templet

Production Test Equipment

Router Block

Soin Form Block

Spotweld Fixture

Test Equipment Accessory

Trim Jig

Weld Fixture

Wire Jig Board

O
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h. 3 FACILITIES

Detailed analysis and evaluation of program facility requirements to support

a minimum cost DDT&E effort and low, early-year funding for Option i has

determined that existing MDAC facilities can be utilized for most requirements.

This evaluation was based on a "bottoms up" analysis of operation's require-

ments for manufacturing, test, integration, and checkout, and program needs

were then matched against lists of existing modified, and new facilities.

The basis for final determination was the availability and compatibility of

identified items, and the predicted cost of supplemental equipment and

modifications for adaptability.

Production facilities were evaluated using the horizontal mating method as the

preferred approach. Facilities identified are not configuration sensitive, and

cost alone was not the sole determinant in the selection of support equipment.

h.3.1 Manufacturing Facilities

Manufacture, assembly and checkout of the Space Tug will be accomplished at

the McDonnell Douglas Astronautics Company (MDAC) facility in Huntington Beach,

California. This facility was so planned and designed from its inception as to

provide fully integrated capabilities for the production of space vehicles.

Buildings include provisions for engineering and administrative offices, a

Systems Integration Laboratory, Structural Test Laboratory, Space Simulation

Laboratory, Production Test Laboratory, a manufacturing and assembly building,

insulation building, a final assembly and checkout building, and other service

and support facilities.

o

During development and production of the Space Tug, maximum utilization will be

made of existing MDAC and government-owned facilities used on the Saturn S-IVB

program and the Orbital Workshop. Full program support will be provided by

existing machine shops, sheet metal shops, processing equipment, electrical/

electronic fabrication and assembly facilities, and supporting inspection

and test laboratories.

A preliminary list of additional facility requirements identified at this time

for each of the configurations is shown in the table in Section 3.1. Also

included are tentative costs and estimates of procurement lead times. A



i00,000 class clean room for final assembly is listed in these requirements

to satisfy contract requirements.

h.3.2 Test Facilities

Existing laboratories and facilities at MDAC in Huntington Beach will be

utilized for production testing and checkout operations. Little or no

modification of these laboratories will be required for Space Tug program use,

as these facilities were designed for use on space vehicle hardware and

assemblies.

Propulsion Test Vehicle (PTV) tests will be conducted in test cell Jh at the

AEDC facility in Tullahoma. This test cell will provide the altitude simula-

tion capability lacking in the test facilities at Huntsville. Thermal tests

of the vehicle will be accomplished in the NASA high-vacuum facility,

utilizing an existing scaled-down and instrumented ts_nk that will fit the

15 foot diameter chamber. These government facilities are available for

program use at no cost or at a nominal fee, depending on the using agency.



4.4 Special Requirements

The special requirements of the Space Tug manufacturing plan is the fabrication

of the single piece LH 2 and LO 2 domes tooling and the procurement of the test

sets of domes for testing. All other manufacturing requirements are

state-of-the-art.

o

4.5 Summary - Analysis/Philosophy

This section contains the analysis and philosophy engendered into the Space

Tug manufacturing plan.

4.5.1 Anal[sis

The analysis of the Space Tug manufacturing plan illustrates the following

requirements were achieved:

• Minimum DDT&E

• Manufacturing methods and processes employed are state-of-the-art.

• Low tooling costs - standard tools and "soft" tooling utilized

to the maximum.

• Low early year funding required to accomplish the manufacturing

requirements.

• Cost effective production with high reliability.

• Manufacturing rate is compatible with the scheduled delivery

requirements.

O

4.5.2 Philosophy

The philosophy engendered into the Space Tug manufacturing plan is motivated

by the following requirements:

• 0.97 reliability factor

• Minimum DDT&E

• Reuseable vehicle

• Recycle capability

• Low program cost

• Low early year funding



In order to meet these requirements the following manufacturing philosophies
have been instilled into the manufacturing plan of the Space Tug.

1. Automate where economically feasible to reduce manufacturing

manpower requirements. Areas of automation are as follows:

a) Numerically controlled machining of all machined components.

Programmed dwell cycles for change and design revisions.

2. Fusion Joining of the LO 2 and the LH 2 tanks will be accomplished

automatically using the latest TIG welding techniques, i.e.,

electronics sensing devices, closed circuit television and other

monitoring devices.

3. The fabrication of the LH 2 and LO 2 aluminum 2219 Cassinian tapered

domes are purchased as single piece spin-formed domes in a T37 con-

dition, machined in-house to a nominal thickness and taper

chem-milled.

h. Reduction of components will be the concept for this manufacturing

plan. Extruded and welded stub frames, and large sheet stock will

be used.

5. Commonality and multi-use parts will be the manufacturing and

engineering objectives of this plan, i.e., tank supports, tank

support fittings.

6. A tool master program will be used on all field joints and verifica-

tion matching interfaces.

7. "Soft" tooling will be used where practical and economical.

"/-
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_. 6 IMPACT OF OPTION SENSITIVITIES

The impact of the option sensitivities for the following options are delineated

in this section:

i. Prograszaatic sensitivity for a 2 year delay IOC (December 31, 1981).

2. DDT_E effects for >36-hour mission duration.

3. Impact to provide 300 watts to payload.

The impact of the above noted options is delineated in the following sections

and in the same nmnerical order.

4.6.1 IOC Dela_ of Two Years

The IOC delay of two years impacts manufacturing as follows:

i. DDT&E will be accomplished on a single shift basis.

2. Long lead procurement will be extended.

3. The manufacturing rate of 2.8 vehicles per year produces peaks

and valleys in the manufacturing flow. The reduced rate of manufacture

is not as good a manufacturing flow as four per year requirement of

the original schedule.

4. Facility activation will not be impacted by this option.

.6.2 Extended Duration Mission

The extended duration mission does not impact the manufacturing plan.

4.6.3 Impact to Provide 300 Watts to Payload

The impact of providing 300 watts to payload does not impact the manufacturing

plan.



4.7 GSERequirements

This section defines the Ground Support Equipment (GSE) required for factory

checkout only. The items listed below will be used in-plant to support

checkout operations during acceptance testing, but do not represent the total

complement of GSE required for the Space Tug program.

A schematic depicting GSE interconneetion and Tug hookup for final system

checkout is shown in Figure M-M3

Figure

i. APS Breakout Control Box h-h_

2. Space Tug Simulator h-h5

3. Spacecraft Simulator _-h6

4. Propellant or Pneumatic Control Console _-_7

5. Propulsion Pneumatic Console _-_8

6. Propellant Utilization Component Test Set 4-49

7. Printed Circuit Card Component Test Set _-50

8. Power System Test Set 4-51

9. Orbiter Simulator 4-52

i0. Signal Conditioning Unit _-53

ii. Guidance and Navigation Test Set h-54

12. Guidance and Navigation System Checkout Kit h-55

lB. Digital Events Recorder 4-56

14. Data Management Test Set 4-57

15. Communication System Test Set _-58

16. Checkout Cable Kit _-59

4

A

The following pages identify the unique applications of the listed items, and

show quantity requirements, the functional requirements, and a brief description

of the equipment. Where applicable, the similarity to existing items of other

MDAC-designed GSE is noted for comparison.

Included in the Tool List in Section 4.2 are the tools required to produce (or

to modify existing) items of GSE for factory checkout use. Refer to Section

6.11.6 for a description of all operational GSE required to support the Space

Tug program. The percentage of reworked and new GSE is also noted, as is a

description of refurbishment requirements.
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APS BREAKOU"_ CO_JTROL BOX

FUNCTIONAL REQUIR_4ENTS:

Provides individual electrical control of the APS thruster

valves and isolation valves for checkout.

EQUI_4ENT DESCRIPTION:

Twelve cable assemblies, suitcase assembly which contains one

momentary sw., five push button indicator sw., one toggle sw.,

six indicator lamps, two circuit breakers, one six-bank wafer sw.,

five fuses, twelve connectors, and associated wiring. (Similar

to DSV-7-106).

FACTORY REQUIR]_ENTS : i

Figure 4-44
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SPACE TUG SIZ_LATOR

FUNCTIONAL REQUIR_IENTS :

Functionally simulates Tug electrical parameters for verification

of GSE, payloads and Shuttle interfaces•

EQUI_4ENT DESCRIPTION:

3 Bay console interfacing with computer complex containing logic

cards, encoder, decoder, and load test, test point assembly,

indicator panels, logic power supply, path panel (similar to DSV-hB-

132).

FACTORY REQUIH_4ENTS: 1

'O

Figure 4-48



SPACECRAFT SI:.KILATOR

FUNCTIONAL REQUIREMENT :

Functionally simulates Tug/Spacecraft interface for verification

of electrical parameters.

EQUIPMENT DESCRIPTION:

Portable tester containing encoder, decoder and load test

circuits.

FACTORY REQUIREMENTS: i

Figure 4-46
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PROPELLA/_? OR PNEUMATIC COntROL COl;SOLE

FUNCTIONAL REQUIR_EI_S :

Controls and pneumatic regulated gas supplies for vehicle

pressurization of pneumatics and propellant systems. Used for

checkout, purge, and pressure checks and loading of pneumatics

into Tug vehicle. Monitors propellant loading and unloading.

Capable of semi-automatic or manual loading of propellants.

EQUIPMEI_ DESCRIPTION :

Three bay console with intercom, light and indicators, switches,

and alpha numerical d_splay, and associated circuitry. (Similar

to DSV-4B-233. )

FACTORY REQUIR_4ENTS: i

'O Figure 4-47
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PROPULSIOX{ PIIL_J_iTICCONSOLE
(CH_CKOUUI)

FUNCTIONAL REQUIR_4ENTS:

Provide regulated gas supplies to vehicle for pressurization of

pneumatic and propellant systems. Used for leak and functional

checks, purging, pressure draining, and application of blanket

pressures.

EQUIPMENT DESCRIPTION:

Pneumatic console such as DSV-hB-321 modified as required for

special Tu G requirements.

FACTORY REQUIR_4Eq_TS: i

Figure 4-48
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PROP.ELLA/P_. UTILIZATIOI; CO_-E_ONEI;T TEST SET

FUI;CTIONAL REQUIR_4ENTS :

Tests and calibrates P.U. electronics assembly adjustments.

EquIP_IENT DESCRIPTION:

Similar to DSV-}_B-II2

FAC%_3RY REQU IRF/4ENTS : 1

Figure 4-49
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PRIZ;TEq9 CIRCUIT CARD COHPO:;E:;T TEST SET

FUNCTIONAL REQUIR_,_E_S:

Tests printed circuit cards and isolates difficulties to eomponent

level. Provides voltaKes, input stimuli, and loads. Monitors

outputs of cards being tested.

EQUIPMENT DESCRIPTION:

Similar to DSV-hB-IOh

FACTORY REQUIR_4ENTS : 1

Figure 4-50
Ill

I
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POWER SYSTEM TEST SET

FUNCTIONAL REQUIREMENTS:

Provide means to load fuel cells and vehicle power distribution

system. Provide ground power sources for vehicle and GSE. Provide

emergency power in event facility power malfunction.

EQUI_IENT DESCRIPTION:

Two bay rack of electrical equipment containing two independent

programmable power supplies for vehicle power, one programmable

power supply for GSE power, and programmable loads for vehicle

power system C/O, a backup battery unit is provided for

emergency power.

FACTORY REQUIRDIENTS : 1

Figure 4.51
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ORBITER SIMULATOR

Figure 4-62

4

A

NAME: ORBITER SIMULATOR

FUNCTIONAL REQUIREHE_:

Functionally simulates orbiter/Tug interfaces for verification of

electrical parameters.

EQUIPMENT DESCRIPTIOR:

Portable test set containing encoder, decoder and load test

circuits, contains switches and indicator lights.

FACTORY REQUIREMENTS: 1



@ J

SIGNAL COi;DITIONII;G UNIT

FUNCTIONAL REQUIR_4ENTS:

Interfaces between Tug vehicle and GSE for signal and power

conditioning, and distribution.

EQUIPMENT DESCRIF9ION:

Consists of a 3 bay console which contains Junction box,

(I) 1032 point patch panel assembly, (i0) isolation amplifiers,

(i) l_ row relay-plane, (i0) buffer amplifiers, (1) logic power

supply, and (20) connectors and associated wiring. (Similar to

DSV-3B-133).

f

FACTORY REQUIR_4ENTS: 1

i.

Figure 4--53
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GUIDANCE AND NAVIGATION TEST SET

F_um4.,64

NAME: GUIDANCE AND NAVIGATION TEST SET

FUNCTIONAL REQUIREMENTS:

Monitors and verifies checkout of IMU and GC. It provides calibration,

alignment and simulation of navigation programs. Capable of simulations

of all fli@ht programs.

EQUIPMENT DESCRIPTION:

Rate table and associated electronic bays which include display panel,

control panel, oscilloscope, universal counter, digital voltmeter,

interface (DIU) assembly, power supplies, digital printer paper tape punch,

test point control panel, downlink display panel, etc. (Available from

Delta Program.)

FACTORY REQUIR_4_fTS : 1



NAME: GUIDANCEANDNAVIGATIONSYSTem4 CHECKOUT KIT (PICTORIAL VIEW OMITTED)

FUNCTIONAL REQUIRD4ENTS:

Interfaces between Tug IMU and GC and the laboratory test equipment.

provides mounting of IMU to rate table.

Also

@
EQUIPMENT DESCRIPTION:

Consists of IMU holding fixture and cables. (Available from Delta Program.)

FACTORY REQUIR_/_TS: 1

Figure 4-65



DIGITAL EVENTS RECORDER (DER)

FUNCTIONAL REQUIREMENTS:

Collects discrete status (on/off) data and compares data against previously

recorded information. Prints or tape punches output results for permanent

record.

EQUIPMENT DESCRIPTION:

FACTORY REQUIREMENTS:

Similar to DSV-4B-289

l GFE

v_

F_ure 4_6
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DATA MANAGEMENT TEST SET

FUNCTIONAL REQUIR_4ENTS:

Controls operation of DMS computer and monitors computer status, initials program

loading and verification, performs functional verification of DMS command and

control functions, interface with other T/S for dedicated displays, verify

selected subsystem parameters as program.

EQUI_4ENT DESCRIPTION:

Portable console interfacing withcomputer for program verification and DMS memory

dump C/O, paper tape memory loader, tape reader, DMS computer control and status

panel, dedicated display panel lorD MS funcLion _id prog_v_abl_ _o_,__--'-'"_^-._._.._+^+_^-

subsystem functions (GNC, Comm, Power, and Prop.) - CRT

FACTORY REQUIR_4ENTS: I

Filum 4-6";
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CO._R]NICATION SYSTEM TEST SET

Functional Requirements

Receives, demodulates PCM data from spacecraft, provides for output to computer

storage, contains display for visual data monitoring of incoming signals and

routing oT data to external areas for further processing. Can be controlled

locally or through computer.

Equipment Description

NOMENC LATUR E QTY

H

O U
£_ _ O

R]_UIRKS

X-Y Recorder

Sweep'Oscillator

Signal Generator

VSW_ Meter

RF Power Meter

RF Misc. Equipment

Frequency Counter

Frequency Converter

S-Band Test Transmitter

S-Band Test Receiver

S-Band FM Receiver

Payload PCM Demodulator

i X

i X

i X

i X

i X

TBD X

i X

I

2

2

i

i

*Equipment to be

" made available

* at launch complex

* in the event of

* transmission

* failures.

X Similar to DSV-

4B-123 and DSV-

_B--125

V

Figure 4.58



_re

o

Equipment Description (Cont'd)

NOMENCLATURE

SGLS/NASA PCM Demodulator

PCM Decommutator

PRN Ranging Assembly (SGLS/NASA)

Error Rate Measuring Unit

Command Signal Conditioner (SGLS/NASA)

Regulated Power Supply

Logic Power Supply

PCM Simulator

Oscilloscope

Calibration Test Panel

M2nual Control Panel

RF Switch Panel

Source Selector Panel

RF Attenuator Panel

Quick Loop Panel

Voice Communication Panel

RMS Voltmeter

Circuit Breaker Panel

Patch Panel

Analog Strip Chart

Bilevel Strip Chart

FM Oscillograph

Digital to Analog Converters

Galvanometer Drive Amplifiers

H

i

2

2

i

2

2

2

i

i

i

i

i

i

i

2

3

I

2

i

3

3

2

8O

6

R_4ARKS

Similar to

DSV-hB-240,

DSV-4B-238,

DSV-4B-239

Q
FACTORY REQUIREMENTS : i



NAME: CHECKO[[fCABLEKIT (PICTORIALVIEWOMITTED)

FUNCTIONALREQUIREMENTS:

Provides interconnects between test sets, vehicle, power, etc.

._.jr

EQUIPMENT DESCRIPTION:

Consists of all cable, (power, RF, signal) required to support Tug Unique

checkout in all areas. Cable network - 70 cable assemblies (80 fet) long -

(35) 60 pin cables; (18) h pin cables; (5) 39 pin cables; 7 coax cables;

(5) 2_ pin cables; breakout cables and general breakout box. Similar to

DSV-hB-726A.

FACTORY REQUIREMENTS: 1

Figure 4-59
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Section 5

SPECIAL PROGRAkg_TICS

O

O

The three subsections to Section 5 address innovations in program implementation,

management innovations, and potential government task sharing capabilities.

5.1 PROGRAM IMPLEMENTATION INNOVATIONS

Program Option 1 is heavily constrained by: a minimnm DDT&E cost; a low peak

year funding; and a fixed IOC date. In reviewing the areas available to us to

exercise our creativity, we have reached the conclusion that there is very little

opportunity to innovate. In trying to minimize DDT&E costs and keep annual

fundin_ low our approach on Option 1 is to reduce to the absolute minimum: the

design, the manufacturing, and the operational unknowns by maximizing the use of

proven systems and off-the-shelf hardware.

In the design area standard well-proven techniques are used to design and fabricate

the 2219 aluminum tankage.

In the test area off-the-shelf propulsion subsystems enable us to eliminate, with

low risk, the ground hot firing of the RL-10 engine. To further reduce costs we

are recommending the elimination of a dedicated Shuttle flight test to prove

operational integrity of the Tug-Shuttle interfaces, instead we suggest use of

a ground interface verification unit.

In the use of of-the-shelf hardware much of the Avionics has been proven on other

programs as the ACPS system has. In addition, maximum use is made of existing

GSE (e.g., fromS-IVB and Deltaprograms) and existing Facilities (Factory, Test,

ETR, and WTR).

In the program management area there are opportunities to adopt a low-co_t

effective management approach using available tools and techniques developed

for use on DoD, NASA, as well as commercial programs from throughout the MDC

corporate family. The program management approach is discussed in subsection

5.2.



5. 2 PROGRAMMANAGEMENT FOR TI_ SPACE TUG PROJECT

MDAC's management approach to the Space Tug project is to apply the tools and

techniques most appropriate to ensure project control at an acceptable cost

level. Our approach includes reaffirming the Government's management require-

ments so that we can be appropriately responsive to their needs. MDAC's

available management tools and techniques have evolved during extensive

development and use with both NASA and DoD programs as well as onDouglas'

commercial aircraft programs.

As demonstrated during the Space Tug Phase A Systems Study, the MDAC

management philosophy emphasizes "cost planning." This cost planning, which

will continue throughout all phases of program definition and beyond, will

result in cost-awareness/cost-avoidanc e attitudes that are essential to effec-

tive project cost control. Cost planning is not limited to the prime

contractor's role, but will extend through the working relationships to

the Government and to the suppliers to establish clear-cut cost objectives and

the management plans appropriate for achieving these objectives.

_,_AC's cost-awareness/cost-avoidance philosophy on Space Tug emphasizes the

identification of and the avoidance of all unnecessary costs. This will call

for close contractor/Government working relationships and teamwork to define

and manage to only those effective project requirements. The net effect of

the application of this philosophy is to develop the Space Tug with only the

necessary equipment, material, and labor, and hence at lower costs.

j

Actions that highlight the MDAC low-cost management approach on Space Tug

include:

Q Develop (in concert with the customer) well-defined mission per-

fo_nance parameters and cost objectives early in DDT&E.

• Assicn highly capable personnel with applicable experience.

• Develop well-defined program plans based upon essential technical and

management requirements to accomplish the mission. These program

plans will be brief and concise and directive in nature to provide

clear management direction and assessment without excess detail.

o Provide closely coupled contractor/Government working relationships

including collocation Of counterparts and task-sharing where effective.
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@ Develop specific contractual clauses that provide motivation to both

contractor and Governmentto achieve the lowest cost consistent with

excellence of performance and tight schedule requirements.

• Operate critical change control under strict criteria (is it func-

tionally necessary- it is cost-effective) for accept/reject

decision.

• Apply managementsystems responsible to the needs of contractor/

Governmentand provide timely visibility into potential problem areas

to avoid vulnerability to unplanned cost or schedule delays.

• Procure "Buy" items, particularly off-the-shelf material and subsys-

tems comPonents, from lowest-cost, technically capable suppliers.

Features of several of the more crucial managementsystems are presented

below:
• Performance MeasurementSystem (PMS)

_ne _AC PMSis an on-line approved syst_, currently in use on the

Air Force ACEprogram, the Army SAFEGUARD/Spartanand Site Defense

programs, and the Navy Harpoon program. Our experiences show that

a low-cost and effective PMSrequires a realistic WBS structure,

ability to selectively apply BCWS/BCWP and variance analyses, ability

to adjust the levels of reporting and control to the magnitude of

the cost risk represented by the WBS elements, and to provide

management reports at meaningful time intervals.

• Cost-Per-Flight (CPF) Management Controls

CPF controls have been developed that are closely integrated with the

PMS and the change control system. Based upon MDAC's life-cycle-cost-

modeling technology, CPF provides cost goals (targets) throughout the

_S. CPF provides continuing predictive capability for total cost,

and impact assessment, and variance projections against lower-level

_2S element cost targets as well as total project cost. Multi-

ciscipline specialists work closely together to develop the cost esti-

mates leading to the CPF targets. The task and functional managers

are accountable for successful attainment of CPF goals, includ-

ing development of the options and trade analyses necessary to



recover should unfavorable variances appear. Oneof the keys to

achieving low-cost objectives is to understand the impact of decisions

on program costs -- a primary purpose of CPF.

Configuration and ChangeManagement(CM)

The goal of CMis to effectively define contract item configuration

and to managechange. On Space Tug, once a configuration is defined,

it i_ _nperative that strict criteria, by which a proposed change can

be evaluated and accepted/rejected rapidly and effectively, be

established. The configuration control board chaired by the program

managerwill use the CPFanalysis to know the impact of changes

against the CPFtargets and the cost budgets. There is a corollary

to the use of strict change criteria which implies that to avoid

unnecessary costs, the mission requirements are well defined and
the design team can design it right the first time to minimize

change.
Information Management(IM)

The most effective as well as lowest-cost IM system makes
maximumuse of informal direct communication between designated

contractor/Government counterparts for daily decision-making. This

informal interchange is backed up by the formal contractual reporting

system, which provides documentation of the key data and decision/

action items for historical reference. The contracted data procure-

ment document (DRD)and data requirements list (DRL) will makemaxi-

m_ause of internal data whever possible. In addition, MDAC's

accessioning and deferred deliverymethods will offer the customer

up-to-date information on available internal documentation while

minimizing the need for routine submission of data.

Procurement Management

Y_AC's approach to make-or-buy, source selection, and procurement
is to make use of existing proven industry capabilities while main-

caining focus on the CPFtargets. CPFtargets are passed on to

subcontractors and suppliers with appropriate contract incentives.

Supplier reports are integrated into our PMSand CPFproject reviews

with a minimumof reprocessing. In accord with our internal informa-

tion managementsystem, the customer will have direct access to

subcontractor/supplier data.

Q

"7
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Enl_in_:ering Management

MDAC's dcsi6n team has extensive and successful cryogenic launch

vehicle experience. A single organization will perform analyses,

integration, and design tasks supported by functional specialists, as

required (tooling, manufacturing, quality, test, logistics, etc)

who are involved from project inception. Supporting this multi-

discipline team approach is the recommendation for collocating

contractor/customer/supplier representatives to encourage face-to-

face daily dialogue. Cost-per-flight targets are assigned down to

the lowest practical level of the WBS, and the design team will have

speeific Design-to-Gost (DTC) training. As the design concept

evolves, senior engineers will be part of the team that will review

the mission requirements, the design requirements, the detailed

specifications, and the design drawings to ensure a thorough evalua-

tion of alternatives to emphasize low-life-cycle costs, standard

parts, and off-the-shelf hardware. Critical technical performance

parameters, e.g., CPF, are selected for status reporting to provide

most-meaningful technical progress assessment. Parameters are

tracked by time-dependent trend data or single-point events and are

measured by analysis or test with variances repo_ted in time for cor-

rec_iveaction with minimum cost/schedule impact. In addition to the

_oove, the Engineering and the Manufacturing releases are closely

coordinated (Jointly signed off) before release to ensure full under-

standing and communication of each others' requirements and

intentions.

_9

o

In sun..mary, application of MDAC's cost-awareness/cost-avoidance philosophy

will enable Space Tu_ to avoid unnecessary material and labor costs. We will:

A. Underz_and the essential mission and program requirements,

_pecifically:

1. Technical

2. Management

3. Cost

B. Design and manage to meet the essential life-cycle requirements and

the CPF targets

q. Tes_ to ver±±_ ....._AA U_

testing activities. -.



5.3 TASKSHARING

A library of both NASAand Air Force facilities and capabilities has been established_

by MDACat MSFCand documentation indexes are available. Our review of these reference

materials has identified potential areas for government task sharing on Space Tug.
These areas are summarizedon Table 5.3-1. Tables 5.3-2 through 5.3-8 contain the

NASAand the Air Force Documentation Indexes. Table 5.3-9 summarizesthe investigation

into the MSFCS-IVB Battleship Test Stand conversion. Tables 5.3-10 and 5.3-11

summarizesthe investigation into the AEDCTest Chambercapabilities. Table 5.3-12

presents a summaryof the items reviewed for potential task sharing at AEDC.

Table 5.3-1

. IG.:, ,,'-. ,'i.b"d'" ! :- T ;TYPF.

";FC._ :_.O1 AV;.(2:IJ"[; X

GOVERNMENT TASK SHARING CAPABILITY AREAS

NASA

JSC YSC (ETR ) LeRC W?AFB

X X

3PO. O '. '_ FT_OPULS I ON X X X

._20._3.' ' PFOPJL?I ,_N X X

_2:_. O'i. :)3 AVIONICS X X
X

_ACI LITIES EVA I,UAT IC N/t-_ODI F ICATION

,ACILI_I.'._

.~.

_2q.ll.el

DOD

AEDC WTR S;J_SO

X

X

2_CIF:C

FLA:C;]';G

X X

I
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SECTION 6

COST DATA

This section contains cost estimates for each program phase (DDT&E),

production and operations) by WBS element and subdivisions of work.

Also included are: funding estimates for each program phase by

WBS element; total program funding distribution; cost per flight

data; and technical characteristics data.

Since subsection 6.2 contains first unit production costs through

Level 7 for WBS 320-03 Vehicle Main Stage on Cost Data Form A(2)

recurring (production), the Level 7 information is not repeated by

itself in Subsection 6.8. Instead Subsection 6.8 is being used as

the most convenient location for the LEADER II cost model printout

for costs of each program phase and the total program, as well

as: costs for first production unit costs through Level 7; and

initial spares and operational spares costs through Level 6.



6.1 DDT&E PER WBS ELEMENTS

This subsection contains cost estimates for each WRS element

through Level 7, as appropriate, displayed on Cost Data Form

A(1), nonrecurring (DDT_E). The definitions of each column are as

follows:

Identification Number:

to the item of cost.

WBS Identification :

item from the WBS.

The appropriate WBS code correspondin_

The alphanumeric nomenclature of the

WBS Level: The level at which the cost is accumulated:

Level 3

Leve i 4

Level 5

Level 6

Level 7

Project

System/Module

Subsystem

Assembly

Component

Expected Cost: The cost estimate for the WBS item. _or

production and operations items, the WBS item cost is the

total cumulative cost for the number of units quantified

in the "number of units" column.
I

Confidence Ratin@: The value of (I) , lowest, through (4) ,

highest, representing the estimator's confidence in the

estimate shown in the WBS item cost column. The value is

obtained by reviewing the Government criteria contained



in Table 6.1-1 and subjectively selectinc the code con-

sidered to be most applicable. At summary levels the

confidence rating values are weighted averages of the

confidence ratings of constitutent WBS elements at

subordinate levels.

D Td: The time in months required to perform an activity.

For nonrecurring (DDT&E) activity, the Td is the time

required from Authorization to Proceed (ATP) with Phase

C (nonrecurring/DDT_E) through completion of designs,

development, test and evaluation, which usually is at

FACI-First Article Configuration Inspection. Td for

production generally is the time from the start of

ground system installation and test procedures veri-

fication through completion of flight evaluation

and preparation of ground system and flight vehicles

for long term storage.

8

i

Ts: The lead time in months measured from the start of

Td to the Initial Operational Capability (IOC), the launch

milestone date.

Spread Function: An index number representing a cost

distribution curve which the estimator recommends for

the time phasing of costs over the Td time span. The

index number represents the percentage of total cost

(of the WBS item for the program phase) expected to be

expended in 50 percent of the Td time sDan. At summary

levels the spread functions are weighted averages of the
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spread functions of constituent WBS elements at subordinate

levels.
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6.2 PRODUCTION PER WBS ELEMENTS

This subsection contains cost estimates for each WRS element throuc_h

Level 7, as appropriate, displayed on Cost Data Form A(2), recurrina

(production). The definitions of each colum are as follows:

Identification Number: The appropriate WBS code corresponding

to the item of cost.

WBS Ident!ficatio_n: The alphanumeric nomenclature of the

item from the WBS.

WBS Level: The level at which the cost is accumulated:

Level 3

Level 4

Level 5

Leve i 6

Leve i 7

Project

System/Module

Subsystem

Assembly

Component

First Unit (TI) Cost: The production cost of the theoretical

first hardware unit. It is considered to be the V-axis inter-

cept of the learning curve on a log-loq plot. The LEADER II

cost model prints out this cost under the title of "Memo TI"

for WBS 320-03 Vehicle Main Stage and subordinate elements

thereof.

Number of Units: The quantity of units for each WBS item

used in the production and operations phases of the program.

Expected Cost: The cost estimate for the WB.q item. For



production and operations items, the WBS item cost is the

total cumulative cost for the number of units quantified

in the "number of units" column.

Reference Unit: The production sequence number of the

first unit that is used An the recurring phase of the

program.

a Confidence Rating: A value of (I), lowest, through (4),

highest, representing the estimators confidence in the

estimate shown in the WBS item cost column. The value is

obtained by reviewing the Government criteria contained

in Table 6.2-I and subjectively selecting the code con-

sidered to be most applicable. At summary levels the

confidence rating values are weighted averages of the

confidence ratings of constituent WBS elements at

subordinate levels.

Reference Unit Cost: The cost of the reference unit. At

subordinate levels the cost is the specific cost of the

reference unit. At summary levels the cost is the

weighted average of_the constituent subordinatereference

units.

T d: The time in months required to perform an activity.

For nonrecurring (DDT&E) activity, the Td is the time re-

quired from Authorization to Proceed (ATP) with Phase C

(nonrecurring/DDT&E) through completion ^_ ;_.4... _ .... I_._

ment, test and evaluation, which usually is at FACI-First
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Article Configuration Inspection. Td for production generally

is the time from PDR-Preliminary Design Release through

flight article(s) assembly and acceptance. Td for operations

generally is the time from the start of ground system install-

ation and test procedures verification through completion of

flight evaluation and preparation of ground system and filght

vehicles for long term storage.

G

Ts: The lead time in months is measured from the start of

Td to the Initial Operational Capability (IOC). The

launch milestone date.

Spread Function: An index number representinq a cost

distribution curve which the estimator recommends for the

time phasing of costs over the Td time span. The index

number represents the percentage of total cost (of the

WBS item for the program phase) expected to be expended

in 50 percent of the Td time span. At summary levels

the spread functions are weighted averages of the spread

functions of constituent WBS elements at subordinate levels.

e

i

I

Learning Index: A numerical index of a learning rate

related to the recurring cost. A straight line cumulative

average index is used in these calculations. At summary

levels the learning indices of constituent WBS elements

at subordinate levels.

Launch Milestone Date: The date used in conjunction with Ts.
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6.3 OPERATIONS PER WBS ELEMENTS

This subsection contains cost estimates for each WBS element

through Level 6, as appropriate, displayed on Cost Data Form A(3),

recurring (operations). The definitions of each column is as

follows:

Identification Number: The appropriate WBS code correspond-

ing to the item of cost.

WBS Identification: The alphanumeric nomenclature of the

item from the WBS.

WBS Level: The level at which the cost is accumulated:

Level 3 - Project

Level _ - System/Module

Level 5 - Subsystem

Level 6 - Assembly

Level 7 - Component

Number of Units: The quantity of units for each WBS item

used in the production and operations phases of the program.

Expected Cost: The cost estimate for the _BS item. For

production and operations items, the WBS item cost is the

total cumulative cost for the number of units quantified

in the "number of units" column.

Reference Unit: The production sequence number o_ the



first unit that is used in the recurring phase of the

program.

O

Confidence Ratin_: A value of (I), lowest, through (4),

highest, representing the estimator's confidence in the

estimate shown in the WBS item cost colum. The value is

obtained by reviewing the Government criteria contained

in Table 6.3-I and subjectively selecting the code con-

sidered to be most applicable. At summary levels the

coni_idence rating values are weighted averages of the

confidence ratings of constituent WBS elements at sub-

ordinate levels.

Reference Unit Cost: The cost of the reference unit. At

subordinate levels the cost is the specific cost of the

reference unit. At summary levels the cost is the weighted

average of the constituent subordinate reference units.

O

Td: The time in months required to perform an activity. For

nonrecurring (DDT&E activity, the Td is the time reauired from

Authorization to Proceed (ATP) with Phase C (nonrecurring/

DDT&E) through completion of designs, development, test and

evaluation, which usually is at FACI-First Article Config-

uration Inspection. Td for production generally is the time

from PDR-Preliminary Design Release through flight article(s)

assembly and acceptance. Td for operations generally is

the time from the start of ground system installation and

test procedures verification through completion of flight

evaluation and preparation of ground system and flight
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vehicles for long term storage.

T s: The lead time in months measured from the start of Td

to the Initial Operational Capability (IOC), the launch

milestone date.

Spread Function: An index number representing a cost

distribution curve which the estimator recommends for the

time phasing of costs over the Td time span. The index

number represents the percentage of total cost (of the

WBS item for the program phase) expected to be expended

in 50 percent of the Td time span. At summary levels

the spread functions are weighted averages of the spread

functions of constituent WBS elements at subordinate

levels.

i.

Learning Index: A numerical index of a learning rate re-

lated to the recurring cost. A straight line cumulative

average index is used in these calculations. At summary

levels the learning index is the weighted average of the

learning indices of constituent WBS elements at subordinate

levels.

Launch Milestone Date: The date used in conjunction with Ts.

First Unit (TI) Cost: The production cost of the theoretical

First Hardware Unit. It is considered to be the y-axis intercept

of the learning curve on a Log-Log plot. The LEADER II Cost

Model prints out this cost under the title of "Memo TI" for
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6.4 DDT6E Funding Distribution

This subsection contains the time-phaseed cost estimates required

to accomplish the DDT_E phase of the program for each WBS element.

Funding by Government Fiscal Year is displayed on Cost Data Form-C

through WBS Level 7.

W
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6.5 Production Fundin_ Distribution

This subsection contains the time-phased cost estimates to accomplish

the Production phase of the program for each WBS element. Funding

by Government Fiscal Year is displayed on Cost Data Form-C through

WBS Level 7.
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6.6 Operations Fundin_ Distribution

This subsection contains the tlme-phased cost estimates required

to accomplish the Operations phase of the program for each _BS

element. Funding by Government Fiscal Year is displayed on Cost

Data Form C through WBS Level 6, except for recurring software

for the Data Management Assembly (WBS 320-03-03-01-05) which is

reported and funded at Level 7.
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6.7 Total Program Fundin_ Distribution

This subsection presents summary charts for the following WBS

elements:

WBS No. Level

320 3

320-03 4

320-04 4

320-07 4

320-08 4

320-03-01 5

320-03-02 5

320-03-03 5

320-03-0_ 5

320-03-05 5

320-03-07 5

Identification

Total Space Tug Project

Vehicle Main Stage

Vehicle Auxiliary Stage

Ground Support Equipment

Vehicle Test

Structures

Thermal Control

Avionics

Propulsion

Orbiter Interface

Final Assembly and Checkout

4

Each summary chart highlights the relationship of cost estimates

to technical characteristics and schedules. It also presents

an overview of the funding annually and cumulatively by Govern-

ment Fiscal Year.

No summary chart is presented for WBS 320-03-06 - Drop Tanks, since

no drop tanks are required or costed for this program option.
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6.8 First Unit Productio n Cost per WBS

It is understood that the intent of this subsection is a presen-

tation of first unit production costs through WBS Level 7. Since

these costs are presented as part of Cost Data Form-A (2) recurring

(Production) in subsection 6.2 above, reference is made to that

subsection rather than merely duplicate the Level-7 data in this

subsection.

Instead, this subsection is being used as the most convenient

location for the LEADER II cost model printout for costs of each

program phase and the total program, as well as costs for first

production unit costs through Level 7, and initlal spares and

operational spares costs through Level 6.
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6.9 Cost Per Fli_ht

Cost per flight values have been calculated and are reported

in accordance with letter No. PD-TUG-P(015-74), dated 3 August

1973, from the Chairman, Programmatics/Cost Panel to the COR's. The

costs per flight are presented by Agency (NASA/DOD) and by Flight Mode.

Since no DOD flights reauire either an expended Tug or an expended

auxiliary stage, no DOD cost per flight sheets have been included

for _ode-2 and Mod-3. Tables 6.9-1 through 6.9-4 provide the required average

cost per flight displays.



Table 6.9-1 AVEraGECOST PER FLIGHT

MODE 1 - REUSABLE BASIC STAGE

gql_:C}_ OPERATIONS

Tug/Shuttle mating and checkout

Tug/Payload mating and checkout

Prelaunch checkout

Countdovn

Propel l_rg and gases

Posc flight safing

Site services and support

:,_INTENANCE kUD RFFURBIS!_IE'_T

$ 37_312

53,302

55_719

50,887

6,h10

58,633

127,926

AGENCY NASA

PROGP_24 O}_'iO;_

$ 3_o_199

$ 288,829 ..........

Scheduled maintenance and refurbishment

Unscheduled_;Malntenance and refurbishment

Tug engine maintenance and refurbisD_ent

Tug vehicle spares

Tug engine _pares

Post maintenance checkout

Refurbishment requirements planning

Depot maintenance

$ 69,29h

21,321

I1,538

_5,966

6,h10

5,287

21_321

107,692

TOTAL GRO_:D OPERATIONS (Launch and Maintenance and Refurbishment) $ 679_018

FLIGHT OPERATIONS

Mission planning

Fiigh% control

Flight evaluation

Flight software

_?E_A'±'IO]_S SUPPORT

Airborne software update

GSE maintenance

Sustaining engineering

Program management

T_-ansportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

EXPENDABLE _&]HICLE _!_IN STAGE

EXPENDABLE V-E}'[ICLEAUXILi,tRY STAGE

$ h6,000

201,000

43,000

21,000

$ 10,085

20,000

50,513

33,162

i,_53

21,197

5,h70

lh,27h

$ 311,000

$ ].56,15h

--0--

--0--

TOTAL AVERAGE PkR FLIGHT COST

/

$ 1,1h6,170



Table 6.9-2 AVERAGE COST PER FLIGHT

MODE 2 - EXPENDED TUG

LA_{C}{ OPERATIONS

Tug/Shuttle mating and checkout $ 37,312

Tug/Payload mating and checkout 53,302

Prelaunch checkout 55,719

Countdown 50,887

Propellant and gases 6,h10

Post flight safing 58,633

Site services and support 127,926

MAINTenANCE Af_ REYURBIS_L'_[T

Scheduled maintenance and refurbishment $ -0-

Unscheduled maintenance and refurbishment -0-

Tug engine maintenance and refurbishment -0-

Tug vehicle spares -0-

Tug engine spares -0-

Post maintenance checkout -O-

Refurbishment requirements planning -0-

Depot maintenance -0-

TOTAL GROLD.;D OPERATIONS (Launch and Maintenance and Refurbishment) $

FLIGHT OPk_RAT IONS

Mission planning

Flight control

Flight evaluation

Flight so ft._are

OPERATIONS SUPPORT

Airborne software update

CSE maintenance

Sustaining engineering

P_ogr_ _,m._:_agement

Transportation and handling

inventory con_.rol and _arehousing

Facilities maintenance

GSE software update

EXPENDABLE VZ'H!CLE _AIN STAGE

EXP}._NDA2LE VEHICLE AUXILIARY STAGE

$ &6,000

AGENCY NASA

PROGRAM OPTION

$ 390,189

201_000

h3_000

21,000

10,085

--0--

20,000

50,513

33,162

i_h53

21,197

5,h70

lh,27h

390,189

$ 311,000

1

$ 156,15h

$ 12,220,000

$ -0-

TOTAL AVERAGE PER FLIG}_ COST $ 13,077,3_3



W

Table 6.9-3 AVf:D&GE COST PEP, FLIGliT

rJ_JDE 3 - EXPENDED KICK STAGE

LAUNCH OPERATIONS

Tug/Shuttle mating and checkout $ 37,312

Tug/Payload mating and checkout 53,302

Prelaunch checkout 55,719

Countdown 50,887

Propellant and gases 6,hlO

Post flight safing 58,633

Site services and support 127,926

MAINTENANCE AND RE_-'URBISfC,If21T $

Scheduled maintenance and refurbis.hment $ 69,29h

Uns chedul-e_ maintenance and refurbishment 21,321

Tug engine maintenance and refurbishment 11,538

_h,g vehicle spares h5,966

Tug engine spares 6,hl0

Post maintenance checkout 5,287

Refurbishment requirements planning 21,321

Depot maintenance 107,692

TOTAL GRO_;D OPERATIONS (Launch and Maintenance and Refurbishment) $

FLIGHT OPLRATIOHS

Mission planning

Flight control

Flight evaluation

Fl_ ght software

OPERATIONS SUPPOt_F

Airborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

EXPENDABLE WEHICI,E :/AIN STAGE

h.wp_.... I)A._,,r. CLE AUXILIARY STAGE

$ h6,000

AGENCY NASA

PROG RAM OPT iO:_

$ 39o,!89

201,000

$ i0,085

288,829

20,000

50,513

33,162

I,h53

21,197

5,h70

lh,27h

679,o18

$ 311 tO00

$ i56,1%

-0-

2,300,000

TOTAL AVERAGE PER FLIG}_ COST

/ --/i /

$ 3,hh6,i70



Table 6.9-h AVERAGE COST PER FLIGHT

M3DE 1 - REUSABLE BASIC STAGE

AGE?_CY DOD

PROGRAM OPTIO_

LAUNCH OPERATIONS

Tug/Shuttle mating emd checkout $

Tug/Payload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight safing

Site services and support

MAINTFIIA/_CE AND REr_JRBISi_._qJT

Scheduled maintenance and refurbishment $

Unscheduled maintenance and refurbishment

Tug engine maintenance and refurbishment

Tug vehicle spares

Tug engine spares

Post maintenance checkout

Refurbishment requirements planning

Depot maintenance

3T,98T

$ 397 ,oo3

5h,267

56,hh6

52,088

6,286

59,69h

130,2h0

7o,5h7

$ 289,839

21,706

11,238

h6,h95

6,286

5,385

21_706

106_hT6

TOTAL GRO_:D OPERATIONS (Launch and Maintenance and Refurbishment) $ 686,8hT

FLIGHT OPERATI01;S

Mission plannina

Flight control

Flight evaluation

Flight software

OPERATIONS SUPPORT

Airborne software update

GSE maintenance

Sustaining engineering

Program manag_aent

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

k2fPENDABLE V!ZHICLE MAIN STAGE

F_vLPENDABLE V._,IIC_E AUXILIARY STAGE

$ h6,ooo

20h,000

h2,ooo

21,o00

9,905

19,238

50,476

32,762

1,52h

20_85T

_ 5,h2_

. 15,429

$ 313,000

$ 1>5.62o

--0--

--0--

m

TOTAL AVERAGE PER FLIGHT COST $ 1,155,467



6.10 Subdivisions of Work (Form T)

Provided in this subsection on Data Form T are the subdivisions

of work as defined in the following Government-furnished docu-

ments :

_J

_f

Data Package - Space Tug System Studies, dated April 1973.

Space Tug Systems Studies - Work Breakdown Structure and

Dictionary, prepared by PD-TUG-P and dated 7 May 1973.

Estimated costs and hours are reported on Data Form-T for WBS

elements through Level 6, although the calculations are performed

through Level 7. The estimated costs and hours on Data Form-T are

consistent with thedefiniti0ns in the Work Breakdown Structure

and Dictionary, as follows:

I. En_ineerin_ is the design, development, analysis, evaluation,

and redesign of TUG hardware, GSE, and associated planning and

analysis activities. It includes such activities as confiquration

management, the preparation of specifications, drawings, parts

lists, wiring diagrams, technical coordination between engineerinq

and other activities, facilities engineering, vendor coordination,

test planning and scheduling, analysis of test results, safety

analysis, data reduction and engineering report preparation.

It also includes the engineering activities required to support

Production and the Operational phases. Materials and subcontracts

associated with the above activities are included.

. Manufacturin_ includes product and materials receiving, ware-

6 -//3



housing, fabrication, processing, assembly installation, reworking,

modifications, experimental production, shop support to engineering

checkout, preparation of hardware for shipping and preparation of

necessary manufacturing associated paper work. Includes quality

control and inspection activities. This Subdivision of Work (SOW)

also includes technicians who support various test operations as

as launch operations and refurbishment activities. Materials and

subcontracts associated with the above activities are included.

3. Toolin_ and STE includes planning, design, fabrication,

quality control and inspection, modification, maintenance, and

rework of all tools, dies, jigs, fixtures, gauges, handling

equipment, work platforms, and test equipment and Special Test

Equipment (STE) in support of the manufacturing process. It

also includes writing and planning tool orders, certification of

welding operations, maintaining tool and STE records, preparation

of templates, scheduling and controlling all tool and STE orders,

programming and preparation of tapes for all numerically controlled

machine parts, and calibration and periodic maintenance of produc-

tion and test tooling. It also includes the necessary tooling

maintenance for the Production and Operational phases. Materials

and subcontracts associated with the above activities are included.

4. Quality and Reliability Assurance (Q_RA) includes the establish-

ment of Q&RA policies, procedures and requirements; Q&RA review of

procurement requests and plans; test plans from a Q_RA standpoint

and Q&RA report preparation. Develops Q&RA training plans and

certification of quality control personnel. Also includes failure

review, analysis and reporting. Materials and subcontracts asscci-

-/iq



ated with the above activities are included.

5. Testinq involves the investigations on all components, assemblies,

subsystems, and systems to determine operational characteristics, verify

the suitability in meeting the required criteria, and assure compat-

lability with the overall system and its intended operational/nonoper-

ational environment. Such tests include design feasibility test,

qualification test, design verification tests, reliability tests, an_

bench functional and environmental tests. Monitoring tests, data

reduction, and report preparation are also included. Materials and

subcontracts associated with the above activities are included.

_. Management/Other includes all management and administrative

effort for planning, organizing, coordinating, directing, controlling,

and approving that is required to accomplish the program objectives.

Other items not included in the preceding subdivisions should be in-

cluded in this item where possible. Materials and subcontracts associ-

ated with the above activities are included.

The "total costs" shown on Data Form-T are the same as the "expected

costs" presented on Cost Data Form-A, which in turn are time-phased

on Cost Data Form-C.

i •
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6.11 Technical Characteristics Data (Form-B)

This subsection presents on Data Form-B the technical, physical

and mission characteristics which have a significant effect

on the cost of an item. As required, Data Form-B contains

parameters that have been utilized in generating the cost estimates.

_J The data in Form-B complies with the following stipulation in

Data Requirement Document MF-003M dated 7 May 1971: "Since the

TCD is used for cost parameter purposes, it is not necessary that

the sums o£ the lower level individual characteristics, such as

weight or volume, equal the total weight or volume of the higher

level WBS item."

In addition to, and/or in conjunction with, the parameters stated on

Data Form-B, the following factors are reflected in the estimated

costs_

Technology

Size/Shape/Materials/Weight

Fabrication/Assembly Methods

Tooling Requirements

Quantities - Subsystems/Flight Articles

Commonality

Maintainability

Test Philosophy

Complexity/Workability

f f
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6.12 COST DATA ADJUSTMENTS

Subsequent to the cost model run, a discrepancy was discovered in the ground

operations manloading inputs which had a significant impact on ground opera-

tions costs. Time limitations precluded re-running the LEADER II Cost Model

and the associated Cost Data Forms. However, the affected cost data have been

adjusted and are presented in this section. An adjusted cost summary is

provided. Table 6.12-1 presents an adjusted cost tabulation. Adjusted cost

per flight displays are included and reflect adjusted ground operations man-

loading, Tables 6.12-2 through 6.12-5, which show the adjusted values identified

by as asterisk. Original calculations were presented in Section 6.9.

Since no DOD flights require either an expended Tug or an expended auxiliary

stage, no DOD cost per flight sheets have been included for Mode 2 and Mod 3.
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m

MODE

Table 4.12-2

i - REUSABLE BASIC TUG

AVERAGE COST PER FLIGHT

Adjusted-*

AGENCY NASA

PROGRAM OPTION 1

LAUNCH OPERATIONS

Tug/Shuttle mating and checkout

Tu6/Payload mating and checkout

Prelaunch checkout

Countdown

Propellant and gases

Post flight saflng

Site services and support

MAINTENANCE AND REFURBISI_4_T

Scheduled maintenance and refurbishment

Unscheduled maintenance and refurbls_ncnt*

Tug enKine ma/ntenance and refurbls|ment

Tug vehicle spares

Tug engine spares

Post ma/ntenance checkout

Refurbishment requirements plannl.g •

Depot maintenance

* $ 18,656

* 26,651

" 27,860

" 25,444

6,410

* 29,317

* 63,963

11,538

45,966

6,4].0

2,644

.I 1), 661

107, (,92

TOTAL GROUND OPERATIONS (Launch and Mainten,ulce u.d |(L,furbiuhment)*$

198,301

230,219

428,520

FLIGHT OPERATIONS

Mission planning

Wllght control

Flight evaluation

Flight software

OPERATIONS SUPPO_

Airborne software update

GSE maintenance

Sustalning engineering

Program _mna6ement

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

201 , 0()0

4.1,()()I)

, ,

20,000

___5(.!.,',i.1
33,162

i , l, ')3

2 !, L97

i

5,470
m

14,274

311,000

156,154

EXPENDABLE VEHICLE MAIN STAGE

EXPENDABLE VEHICLE AUXILIARY STAGE

, I 0 w I

-- 0 --

TOTAL AVERAGE PER FLIGHT COST :$

|

895,674



MODE

Table 6.12-3

2 - EXPENDED TUG

AVERAGE COST PER FLIGIIT

Adjusted- e

LAUNCH OPERATIONS

Tug/Shuttle mating and checkout •

Tug/Payload mating and checkout

Prelaunch checkout •

Countdown *

Propellant and gases

Post flight safing #

Site services and support •

MAINTENANCE AND REFURBISHMENT

Scheduled maintenance and refurbishment

Unscheduled maintenance and refurbishment

Tug engine maintenance and refurbishment

Tug vehicle spares

Tug engine spares

Post maintenance checkout

Refurbishment requirementa plamllng

$ 18,656

26,651

27,860

25,444

6,410

29,317

63,963

Depot maintenance

TOTAL GROUND OPERATIONS (Launch and Maint(m,.ic(_ nnd }(.f'urbi.l_ent)e$

$ 4(,,()()0

P()J ,()(N)

4 '_, I)O()

2 I , ()00

$......... ! .(), 08 ';

_'(), 0()0

50, 'bl "l

'3_, f02

FLIGHT OPERATIONS

Mission planning

Flight control

Flight evaluation

Flight software

,PERATIONS SUPPORT

Airborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

EXPENDABLE VEHICLE MAIN STAGE

EXPENDABLE VF_{ICLE AUXILIARY STAGE

1,4',3

?I,IU2

5,470

14,274

AGENCY NASA

PROGRAM OPTION

* $ 198,301

-- 0 --

198,301

$....311,000

$ 156,154

TOTAL AVERAGE PER FLIGHT COST

$12,220,000

$ -o-

-$ 12,885,455



O ¸

MODE

Table 6.12-4

3 - EXPENDED KICK STAGE

AVERAGE COST PER FLIGHT

Adjusted - *

AGENCY NASA

PROGRAM OPTION 1

LAUNCH OPERATIONS

Tug/Shuttle mating and checkout * $

Tug/Payload mating and checkout
$

Prelaunch checkout

$
Countdown

Propellant and gases

Post flight safing

Site services and support *

MAINTENANCE AND REFURBISHMENT

Scheduled medntenance and refurbishment e$

Unscheduled maintenance and refurbishment •

Tug engine maintenance and refurbishment

Tug vehicle spares

Tug engine spares
@

Post maintenance checkout

Refurbishment requirements plannilk_ "

Depot maintenance

18,656

*$

26,651

27,860

25,444

6,410

29,317

63,963

34,647

I0,661.

II ,538

45.966

6,410

2,644

II),fl(,I

1(11,(,92

TOTAL GROUND OPERATIONS (Launch and Malnt,:n,u.:e a,,,ll(.furbls).nentP$

198,301

230.219

428,520

FLIGHT OPERATIONS

Mission planning

Flight control

Flight evaluation

Flight software

OPERATIONS SUPPORT

Airborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

EXPENDABLE VEHICLE MAIN STAGE

EXPENDABLE VEHICLE AUXILIARY STAGE

$ 46, I)00

201, Ill)l}

$ I(} ,111_5

21}, I)1}1}

_O,blJ

") (, Ih2

1,4!,3

21 ,197

5,470

14,274

$ 311,000

$ 156,154

-- 0 --

$ 2.300.000

TOTAL AVERAGE PER FLIGHT COST "' $ 3,195,674

6-/6?



MODE

Table 6.12-5

I - REUSABLE BASIC STAGE

AVERAGE COST PER FLIGHT

Adjusted- *

AGENCY DOD

PROGRAM OPTION

18,994

27,134

28,223

26,044

6,286

29,847

65,120

35,274

• $ 201,648

10,853

I],238

46,495

6,286

2,693

LAUNCH OPEI{ATIONS

Tug/Shuttle mating and checkout * $

Tug/Payload mating and checkout *

Prelaunch checkout *

Countdown *

Propellant and gases

Post flight safing

Site services and support *

MAINTENANCE AND REFURBISI_4ENT

Scheduled maintenance and refurbishment * $

Unscheduled maintenance and refurbishment"

Tug engine maintenance and refurbislment

Tug vehicle spares

Tug engine spares

Post maintenance checkout *

Refurbishment requirements planning *

Depot maintenance

• $ 230,168

I()6,4/6

TOTAL GROUND OPERATIONS (Launch and Maintenance tm,l l¢.rurbis_ment)*$ 431,816

FLIG}_ OPERATIONS

Mission planning

Flight control

Flight evaluation

Flight software

OPERATIONS SUPPOI_2

Airborne software update

GSE maintenance

Sustaining engineering

Program management

Transportation and handling

Inventory control and warehousing

Facilities maintenance

GSE software update

LD(PENDABLE VEHICLE MAIN STAGE

EXPENDABLE VF/{ICLE AUXILIARY STAGE

$ 4(,,O0O

204, (}(}0

4 ?, ()()()

_.I , ()00

$ 9,905

'{2, /h2

1,')24

20,t_57

5,429

15,429

$ 313,000

$ 155,620

t

TOTAL AVERAGE PER FLIGHT COST (1973 $ IN MILLIONS) • $ 900,436



Section 7

FLIGHT SCHEDULES

This section presents programmatics input data in the form of flight schedules

for Option i (Tables 7-i through 7-5), a flight requirement summary (Table 7-6)

depicting the annual flight composition, and a Tug fleet utilization schedule

(Table 7-7). The flight schedules are provided in accordance with the

formatting instructions contained in NASA letter PD-TUG-P (028-74).

These data were generated by mission accomplishment analysis in conjunction with

ground launch/refurbishment and mission operations timeline and turnaround

analyses. Supporting details of these analyses are reported in Volume 4,

Miss ion Accomplishment.

The major influence on fleet sizing is the number of expendable Tug missions

required. A contributing factor is the number of vehicles to be provided for

contingency (expected reliability losses based on one loss per i00 vehicle

flights). For Option 1 these considerations result in a total fleet buy of

13 vehicles.
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SECTION 8

COST SENSITIVITIES FOR THE PROGRA'_ OPTION

This section presents the results of cost sensitivities analyses

for the following primary program options defined for the Tug

Program Option No. 1:

• Two-Year IOC Delay

• Greater Than 36-Hour Mission Duration

• 300-Watt Power to Payload

• _o-Year IOC Delay

The objectives of this analysis involved an examination of

techniques to lower peak annual funding while maintaining

reasonably low DDT&E costs, and an attempt to optimize the

required program ATP date. Reference is made to Subsection

11.6 which presents the methodology and cost and funding impacts

which result from varying the IOC dates. The data in the follow-

ing paragraphs have been extracted from Subsection 11.6.

Q

8.1 Impact on DDT&E

A two-year delay in IOC would result in a 17.5 precent increase

in DDT&E costs, from $197.0 million to $231.5 million - an increase

of $3q.5 million. This assumes that the October 1975 ATP date

is held fixed while the IOC date is delayed _o years. If

however, the ATP date is delayed to October 1976 _ile the

IOC date is delayed two years, analysis has determined that

DDT&E cost is increased by 3.5 percent, or $7 million, to $2_4

_nc _ _ 1_v c_ also involved the lowest

maximum cost risked to meet schedules, it would be recommended

I�



from a DDT&E cost standpoint.

8.2 Impact on Production

A two-year delay in IOC would result in an 18 percent increase in

the project level value for total production costs - a $32 million

increase from $179.6 million to $211.9 million. It was determined,

however, that either _ one-year or two-year extension of the nroduc-

tion schedule would permit planning production of the Vehicle

'_ain Stage on a single-shift basis. This tended to hold the two-

year delay impact down to the 18 percent - _32 million deltas, which

would have been higher, if a two-shift production had been assumed.

The analysis futher determined that a one-year extension of the

production schedule would be more efficient and would actually

achieve a q percent or S7 million reduction in total production

costs.

8.3 Impact on Operations

Schedule impacts on operations costs were quantified on the

basis of the variations in numbers of flights at the average cost

per flight value. The two-year IOC delay would reduce the number

of flights by 26 from the baseline - 89 versus 63. This _uld

result in a $23.4 million reduction in operations costs - _80.I

million versus $56.7 millions.

8.4 Impact on Fundin@

g

DDT&E

Figure 8.4-I presents the comparative DDT&E funding impacts of

the two-year I0C delay. The case-1 funding curve reflects holding



Number of Flights

CY '80 '81 '82 '83 '84

Baseline 3 14 16 29 27

Two-Year IOC Delay 0 0 16 20 27

Difference -3 -14 0 -9 0

f

These differences are reflected in the funding curves. The minor

funding difference for GFY 1991 results from calendar year versus

fiscal year account for the flights.

Total Pro_ect

Figure 8.4-4 and Table 8.4-1 present the total Droject comparison

of the two-year IOC delay, case-l, with the baseline. This case

would move the funding pea}: year from FGY 1978 to GFY 1982 and

would reduce peak year funding by i0 percent or _7.3 million, from

_76.7 million to $69.4 million.

For case-2, the funding peak year also would be moved from GFY 1978

to GFY 1982 and peak year funding at $68.6 million would represent

an _8.1 million, or 11 percent, reduction from the baseline. A

cost comparison of the three programmatic alternates is listed

below.

DDT&E

Production

Operations

Total

Baseline

1973 DOLLARS IN MILLIONS

Two-year Delay in IOC
CASE I CASE 2

Cost _ cost

$197.1 $231.5 +$34.4 $204.0

179.6 211.9 + 32.3 172.5

200.8 177.4 - 23.4 177.4

$577.5 $620.8 +$43.3 $553.9

+_ 6.9

- 7.1

- 23.4

-$23.6
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the same ATP as the baseline, but delaying the IOC date by two

years. This approach would move the peak funding year from

GFY 1978 to GFY 1980, and would reduce peak year funding from

$68.5 million to $50 million - a 27 percent reduction. The impacts

of adopting the progra_atics of case 2 are: (I) peak year funding

would be delayed to GFY 1981; (2) peak year funding would be reduced

to $q5 million, while incurring a minimal cost penalty from the

baseline.

Production

Figure 8.4-2 illustrates the comparative production funding

impacts of the two-year IOC delay. The case-1 funding curve is

the result of holding the October 1975 ATP date and delaying the

IOC date by two years. The peak funding year would remain at

GFY 1981, but the peak funding would be reduced by 27 percent,

from $41 million to $30 million. For case-2, the ATP date is

assumed to be October 1976, while retaining the two-year delay

in the IOC date. The funding peak year for case-2 would be

GFY 1983 - a two-year delay from the baseline - and peak year

funding would amount to $25._ million - a 38 percent reduction

from the baseline.

O_erations

Figure 8.4-3 compares the relative funding for the two-year

IOC delay and the baseline. The two-year delay in IOC reduces

the number of flights in the early years of operations - as

follows:
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• Greater Than 36-Hour Mission Duration

A sensitivity study was performed to determine the impact on the

Option I vehicle of extending its mission duration capability from

1-1/2 days to 6 days. The impact was assessed for the following

two cases :

Case-1 - The degradation in geosynchronous deployment capability

with extended mission duration was determined for no substitutions

in the Option 1 subsystems. The only changes made were to increase

the batteries and ACPS propellant capacity commensurate with the

increasing power and attitude stabilization requirements.

Case-2 - For this case, subsystems _re selectively changed as a

function of extended duration wherever the qeosynchronous deploy-

ment capability fell below the initial 36-hour value.

Reference is made to Section 9 of Volume 5 for detail of this

analysis.

8.1 Impact on DDT_E

Case-1 - No additional DDT&E costs were identified for this

case.

Case-2 - Project level costs _._re quantified for the subsystem

variations and are displayed in Table 8.1-I.

LEADER II Cost Model methodology was used to estimate

the costs.

%



TABLE 8.1-1

SUBSYSTEM DDT&E COSTS(l) FOR INCREASED MISSION DURATIO;_

(I) Project level values in 1973 $ Millions

A
OPTION 1 SUBSYSTEM UPDATED SUBSYSTEM DDTSE

Ambient He

Repressurization

DDT&E = 3.321 SM

Heated He

Repressurization

DDT&E = 4.377 SM

+ 1.056 SM

AGENA Technology

AG-Zn Batteries

DDT&E = 0.197 SM

G. E. Fuel Cells

DDT&E = 9.285 SM

+ 9.0B 8 SM

Radiation-Barrier

DDT&E = 1.210 SM

Multilayer Insulation

DDT&E = 2.950 SM +1.7_0 SM

Blowdown _12 }14

DDT&E = 9.734 $_

N2 O4/MMH

DDT&E = 16.329 _M + 6. 595 SM

P

8.2 Impact on Production

Production costs for the subsystem elements were estimated, using

LEADER II Cost Model methodology, for the 13 vehicles required by

this program option. The costs were calculated at the project

level and are presented in Table 8.2-I.



TABLE 8.2-I

SUBSYSTEMPRODUCTIONCOSTS (I) FOR INCREASED MISSION DURATIOns'

(1) Project level values (13 vehicles) in 1973 $ millions

OPTION I SUBSYSTEM UPDATED SUBSYSTEM PROD[_TION

Ambient He

Repressurization

Production = 4.459'$M
i

Heated He

Repressurization

Production = 6.006 SM

+ 1.547 SM

AGENA Technology

AG-Zn Batteries

Production = .715 SM

G. E. Fuel Cells

Production = 12.311 ZM

+11.596 _

Radiation-Barrier

Production = 6.760 SM

Multilayer Insulation

Production = 5.733 SM - 1.027 ._

Blo_own ?le If4 N2 II_/MMH

Production = 12.227 SM Production = 17.615 SM + 5. 278 SM

TOTAL TOTAL TOTAL

Production = 24.271 SM Production = 41.665 ZM +17.394 SM

8.3 Impact on Operations

Table 8.3-I presents the flight onerations cost sensitivity to

increase a mission duration. These are DDT_E fliqht operations



costs for software development and crew training. There v_uld be

no impact on recurring operations costs, since the flight operations

costs for the baseline already requires continuous 24-hour coveraqe.

TABLE 8.3-1

FLIGHT OPERATION COSTS SENSITIVITY TO INCREASED MISSION DURATION

Mission Time (hours) 36

DDT&E ($M) 9.98

Costs ($M) 0

Percent Increase in DDT&E Costs/Hr 0

72

10.58

0.60

0.166

1_

11.72

1.74

0.162

8.4 Impact on Funding

iden _I_C_NO funding impacts were determined, since this was not " _'¢_

as a requirement.

r

• 300-Watts Power to Payload

The purpose of this sensitivity study was to determine the impact

of adding the capability to provide the payload with 300 watts

of continuous power.

The Option I primary power system utilizes batteries. Because

of this it was felt the minimum impact would be obtained by the

addition of more battery power, rather than chanqing to a different

power source such as a fuel cell.



The current Option I power system contains two 775-amn-hr batteries,

based on AGFNA design. It was determined that substituting three

650-amp-hr AGENA-based design batteries provided ample additional

power to supply the payload 300 watts continuous, not only for the

11.9-hour deployment time, but throughout a full mission, should

a sortie mission be required.

Refer to Section 9.1 of Volume 5 for details of this analysis.

8.1 Impact on DDT&E

Because the batteries differ only in unit size and are based on the

same state-of-the-art design, no additional DDT&E cost could be

identified.

8.2 Impact on Production

The first unit production cost for three 650-amp-hr batteries was

estimated to be some $11,500 per vehicle higher than the cost of

two 775-amp-hr batteries used in the current Option I design. The

total production impact for the fleet of 13 units of vehicle main

stage is tabulated below:

(2) 775 A/! P,atteries

(3) 650 AH Batteries

TOTAL PRODUCTIO_ COST

1973 DOLLARS I_ MILLIONS

BASELINE 300-W to Payload

$.317

$.tt19

Z_

+$.101

,A

'%



8.3 Impact on operations

operations cost impacts were calculated as the comparative

cost of 224 shipsets following the 13 shipsets used in production.

The 224 shipsets were comprised of 212 replacements and 12 spares

(at 5 percent). The respective costs are tabulated below.

TOTAL OPERATIOh'S COSTS

(224 SHIPSETS)

1973 DOLLARS IN MILLIONS

BASELINE

(2 - 775 AH)

300-W to Payload

(3 - 650 AH)

$3.400 $4.486 +_I.086

8.4 Impact on Fundin_

_o funding impacts were quantified, since this was not identified

as a specific requirement. However, the following tabulation

is presented to summarize the above project phase impacts.



300-WATTS POWERTO PAYLOADSUMMARY

1973 DOLLARS IN MILLIONS

BASELINE

(2) 775 AH

Batteries

DDT&E PRODUCTION OPERATIONS TOTAL

$ .080 $ .317 $ 3.400 _ 3.797

300-W to Payload

(3) 650 AH

Batteries

$ .080 $ .418 $ 4.486 $ 4.98.

-0- +$ .101 +$ 1.086 +_ 1.187



SECTION 9

RISK ASSESSIVIF/_T

The following paragraph is quoted directly from the Statement of Work:

5.4.1.I Project Assessment

P

"The contractor shall conduct a study to identify all development

risk (technical and cost) uncertainties involved with each concept and

option studied. An assessment of the operations and capabilities risks

of developing various Tug configurations for various levels of develop-
ment costs will be made. Technical and programmatic uncertainties that

could significantly affect the schedules, costs, or that could result in
failure to achieve any vital capability requirements will be identified

and discussed. Special consideration should be given critical technology

areas, critical design factors (e.g., mass fraction), off-the-shelf vs.

new hardware development, design sensitivities, etc. This activity will

be conducted throughout the study and will be coordinated closely with

all other tasks at appropriate times."

To quantify the technical, cost, and schedule uncertainties, requested above,

MDAC-W used a Risk Assessment Scoring Guide (see the accompanyina Tables). This

guide provides a range of val Jes from 0 to lO, i.e., "no risk" to "hiQh risk" for

different defined levels of the following four criteria: estimating conditions;

nature of the item; item description; and method of analysis and data. Using

the Risk Assessment Scoring Guide, multi-discipline teams (representing the

engineering technologies, manufacturing, test, ,u_j,_,.o, ......;, ...........

ground and flight operations, cost, schedule, and program management exnerts,

as appropriate) assigned risk values to each of the WBS elements at the lowest _3_x}

level considered meaningful. Separate data sheets _¢ere developed for each program

option for the DDT&E, the production, and the operational phases.

i

The risk values assigned at the lower WBS levels were summarized to the subsystems

level, the systems level, and then the project level. Any fiBS element receivinq

a risk value of 5 or higher is discussed, and the reasons for the moderate to high

risk value documented. NOTE: The highest risk value assigned at the lower WBS

level is the risk value carried forward at the summary WBS level.
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RISK ASSESSMENT SUI_RY PROGRAM OPTION I

The Space Tug project is in the early stages of program definition (Phase A).

We are confident that as definition of the hardware, software, and programmatics

evolve, that the risk values identified will dimish significantly. Therefore,

we assess Program Option I as a moderately low risk program.

On a scale of 0 to I0 (i.e., low risk to high risk respectively) the average

life-cycle risk values for Option l are: 2.4 for Cost; 1.9 for Schedule; and

2.4 for Technical performance. (Refer to RISK ASSESSMENT SUMMARY on the following

page). These relatively low risk values mean that the multi-discipline team of

experts, who have assessed the uncertainties in accomplishing the cost, schedule,

and technical objectives and assigned the risk values, have a moderately high

degree of confidence that all objectives will be met for every WBS element in

every phase of the project. Their collective judgments are based on the following:

I) Specifications on similar hardware and software items are available;

2) The hardware and software subsystems/components are well within the

state-of-the-art and (as a minimum) prototype items have been produced

(in many cases off-the-shelf hardware is selected);

3) The estimating ground rules and assumptions were generally adequate

although subject to some question; and

4) The data have generally been obtained from reliable sources.

In the Risk Assessment Data Sheets accompanying this Summary, a narrative risk

assessment is provided for all cost, schedule, and technical risk values of S or

greater. It Is significant that most of the moderate to high risk values show_ are

due to the preliminary or incomplete nature of the information available and are



not clue to tec},n[cal or capab_llty uncertainties, Therefore, as further

definition of the program evolves, we can expect a correspondin_ decrease in

all risk values,

Table 9-5

RISK ASSESSMENT SDI_4ARY PROGRAM OPTION i

Risk Values (0 = Low; i0 = High Risk)

Project Phase

Risk Area

Cost Schedule Technical

DYr_ 2.9 1.8 2.7

YROD 2.2 i.6 z.

OPNS 2.1 2.2 2.1

Average Life Cycle 2._ 1.9 2._

Risk Values
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Section i0

SUPPORTING RESEARCH AND TECHNOLOGY (SR&T)

The SR&T requirements for Option 1 are shown in Table i0-i. Because of the

high emphasis on low DDT&E associated with this option very little SR&T has

been identified.

The first item, development of potential hazard/failure detection techniques,

relates to safety and is applicable to any tug program, regardless of funding

constraints. The second item relates to establishing basic data required to

develop an effective thermal control system.

The SR&T for this option is equal to approximately 0.h% of total DDT&E.

The following paragraphs give a more detailed explanation of each SR&T item

identified in the table.

i@.i STRUCTURES

I0.I.i Develop Potential Hazard/Failure Detection Techniques

Technology Deficiencies

Shuttle and Shuttle payloads present new challenges in reliability and safety

requirements because of the necessity of reusable space transportation elements.

In current space missions such as Skylab, for example, only limited attention

was given to failure detection techniques for overboard or on-board leaks which

might present a toxic, fire, or explosion hazard. A comprehensive study program

on a damage control system for leaks was carried out by MDAC in 1970-72 for

the l0 year Space Station. (NAS 1-1018h and NAS 1-108h0.) The results of

this program provides the basis for identifying failure detection techniques

for future space systems.

The Space Tug in terms of hazards and failure modes presents a major safety

threat as regards tank explosions and leaks leading to toxlc/fire effects and

gas explosions damaging the Orbiter. In addition to the major LOX/LH 2 tankage,

similar considerations apply to ancillary propellants, fuel cells, and general

plumbing. For the Tug system, conventional ground based NDE techniques are

-. i
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# %

inadequate. What is required is a permanently installed monitoring system which

will give early warning of lesJ-.s or precursor damage notes so as to allow

effective remedial action to be taken.

A continuous monitoring system should perform a dual function: (i) Monitor

potential modes in space and (2) Function as part of the ground checkout system

prior to launch.

Recommended Solution(s)

A primary failure detection technique which shows great promise as applied to

Space Tug is the acoustic method. In-house _DAC research has demonstrated the

power of this method in detecting leaks and precursor damage modes from a

variety of fluids (gas and liquid) including cryogens. Piezoelectric acoustic

transducers permanently mounted on tanks and related plumbing can perform in

both a passive and active mode. In the passive monitoring mode, a transducer

array can detect and locate by triangulation techniques: (i) dynamic flaws

that can lead to leaks or _tastrophic failures. Acoustic emission bursts are

emitted by dynamic flaws which can be detected. (2) Physical leaks. The fluid

leaking through the container will generate a unique ultrasonic signal which

propagates in the container wall and is detected by transducers bonded to the

wall. Active mode operation is envisioned as being employed during ground

checkout as part of NDE operations. In this mode, Lamb waves would be propa-

gated in the tank wall to detect flaws.

To complement the acoustic detection technique, a tape detection technique is

Judged promising for plumbing, valves, etc., where acoustic signals may not be

present. An example would be a leak from a flange or heavily insulated pipe.

For tape methods, electrical resistance, color change, or blistering phenomen_

are all potentially useful.

Schedule

The proposed schedule for this effort is shown on Table i0.I.I-i.

Level of Effort

The projected level of effort is based upon past experience on damage control

__y__tem_ F_r An 18 mnnth program resulting in the develoDment and test of a

prototype damage control system, funding requirements are estimated at $750,000.
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Manpower (6 man years/year)

18 Month Time Period

9 man years

10.2

Funding

Engrg + Technician

Equipment + Materials

Miscellaneous (Travel Reports,

etc.)

E'HER_IAL CONTROL

$500,000

200,000

50,000

$750,000

A survey of the supporting research and technolo£qv (SR&T) requirements related

to the insulation syster_ on the fuel and oxidizer tanks was accomplished.

This effort identified three areas in which further information is required.

These are shown in Table 10.2-i. An estimated one year is needed for this

effort.

The effects of configuration variables on the thermal performance could be

accomplished wlth small samples on a calorimeter. The _AC heat flux gage

calorimeter would be well-suited for this testing. This calorimeter is

discussed in References 1 and h. The insulation referred to in Table 10.2-i

is that between the LH 2 tank and the radiation barrier on this tank. Several

data points for each configuration variable would be obtained to allow a more

optimum design in future systems of this type.

The material property at LH 2 temperature of primary interest is brittleness.

Testing of the candidate materials to ensure selecting materials which will

maintain their structural integrity at LH 2 temperatures is needed. Subjecting

the candidate materials to the thermal cycling anticipated in a reusable system

is also needed to ensure proper material selection for applications of this

type.

The effort needed for the purge bag includes both the evaluation of candidate

bag materials and the bag fabrication techniques. The testing involved would

include environnental testing of the bag material and strength and leak_ze

testing of the potential techniques for Joining the gore segments of the

bag. The selection and attachment of closures would also be considered.

/c 5-



Table i0, 2-1

SR&T REQUI }_I_qJTS

P£QUI RE,' ._.:_T

......._,,,,_.n- EFFECT OF C011FIGL2_ATION VARIABLES

(A) I!XSULATI0i'! THIC_H'_SS (GROU_JD HOLD PERIOD HEATING)

(B) IIISULATI0:I _.L&TERIAL

(c) ST U DOFm

I_%TERIAL PROPERTIES

(A) AT LH 2 _E!._ERATL_HES

(B) EFFECT OF 3iEPd._kL CYCLII_G

PURGE BAG

(A) _._TERIAL

(B) FABRI CATIOH TE CHili_.UES

$ (THOUS_ID)

5O

lO

3O

,, , u,

TOTAL ! 90

4.



Section ii

SPECIAL COST SENSITIVITIES

This section discusses a series of special cost sensitivity analyses conducted

for Option 1 as called for by the Government-furnished outline and as required

by action item 54 from the First Review Meeting. The majority of these trades

can be examined in the light of their effects upon production and operations

costs since most of the variables in question affect the nuBber of flights and

the increase or decrease in flight hardware (Tug vehicles or kick stages)

required to support the change in traffic. The sensitivity of program cost to

changes in schedule is a different and more complex analysis. Section 11.6

describes this analysis for Option 1.

ii.i COST VS PAYLOAD WEIGHT

Variations in payload weight of _ 20% were examined for impact on number of

flights and for changes in flight hardware required. The resulting program

cest sensitivity is shown in the following table.

i
t

SENSITIVITIES

PAYLOAD WEIGHT

CHANGE

NUMBER OF FLIGP_S
f

•AFLIGHTS AS

HARDWARE CHANGE

AHARDWARE

DOLLARS

TOTAL IN M

+20%

-2O%

+8

-3

+7.2

-2.7

+32 Ks +17.8

0

+25.0

-2.7



11.2 COST VS TRAFFIC RATE

Variations in traffic rate of + 10% were examined for impact on number of

flights and for changes in flight hardware required. The resulting program

cost sensitivity is shown in the following table:

OPTION i

TRAFFIC RATE CHANGE

+10%

-lO%

SENSITIVITIES

NUMBEROFFLIGHTS HARDWARE C_GE _LLARS

•AFLIGHTS

+22

-22

AS

+19.8

-19.8

AS

0

0

TOTAL IN M
L

+i9.8

-19.8

Ii.3 COST VS DRY WEIGHT

Variations in vehicle dry weight of + 10% were examined for impact on number

of flights and for changes in flight hardware required. The resulting program

cost sensitivity is shown in the following table:

OPTION I

DRY WEIGHT CHANGE

+1o%

-lO%

SENSITIVITIES

NUMBER OF FLIGHTS HARDWARE CHANGE DOLLARS

i. • ..... .---- .........

AFLIGHTS AS AHARDWARE AS TOTAL IN M

I"

+It6
+2 TUG

+60 Ks
+102.

-9 -8.1 0 0 -8.1



D

ll.h COST VS DELETION OF EXPENDABLES

Deletion of expendables was examined for impact on number of flights and for

changes in flight hardware required. The resulting program cost sensitivity

is shown in the following table:

OPTION i

SENSITIVITIES

NUMBER OF FLIGHTS HARDWARE CHANGE DOLLARS

DELETE

EXPENDASLES

A_IG_S

-8 -7.2

AHARDWARE

-7 TUG

AS

-85.5

TOTAL IN M

-92.7

11.5 COST VS. CHARGE IN ISP (i0 SEC.)

er

OPTION 1

CHANGE IN ISP

+I0 SEC

-i0 SEC

SENSITIVITIES

NUMBER OF FLIGHTS

•AFLIGHTS

-9

+13

AS
l

-8.1

+ii. 7

HARDWARE CHANGE

AHARDWARE

0

+1_2 Ks

n$

0

+25.6

DOLLARS

TOTAL IN M

-8.1

+37.3



11.6 Cost versus Schedule

Cost and funding impacts were quantified for variations _rom the

baseline schedule. The variations used were + one and + two

years. Costs and fundinq were estimated for these schedule

variations in terms of DDTSE, and production. Schedule imnacts

on operations and fundinq were quantified based on the variation

in number of flights at an average cost per flight (reference

adjusted average cost per fliqht values Dresented in Subsection

6.12).

DDT&E IMPACT

Methodology

DDT&E cost impacts were quantified in relation to the baseline

schedule as shown in simplified form in Figure 11.R-I. The

baseline schedule of 54 months, from 1 October 1975 ATP to

I April 1980 IOC, was considered to be a reasonable schedule for

a reasonable cost. The CDR point, 26 months after ATP, was

considered to be the point at which dollars could not buy time.

These assumptions are shown as basics on the graph in Figure 11.6-2.

It also was assumed that the baseline DDTgE cost, identified as CI

on the graph, was equivalent to an index of 100 nercent, since it

is an expected or reasonable cost for a reasonable schedule. CI

is composed of two elements FI, or costs that are fixed with time,

and V1, or costs that are variable with time. At the baseline

IOC point, both FI and VI were considered to be 50 nercent o_ CI.

The fixed costs which vary directly with time include such ele-
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ments as depreciation, interest, overhead dollars and labor cords.

The variable costs which vary inversely with time (excludinq risk)

includes such elements as overtime premium, shift differential

rates, and worker inefficiency. The values for F are those aloha

the straight line "F" at the intercepts with the schedule vari-

ation points. The values for "V" at these intercepts are those

for a parabolic line, derived from historical experience, which

passes through the 50 percent value at IOC. The values alonq line

"C" are the s_m_mations of respective "F" and "v" values, which

are tabulated in Figure 11.6-3 for the equation Cn = Fn + Vn.

The "R" curve is a diminishing risk probability curve and related

to the scale at the right of Figure 11.6-2. Alonq this curve,

_4 at a value of .03, represents the point at which it would be

impractical to try to reduce the diminishinq risk probability

below the .03 value. At the other end o_ the curve, R5 at ._7

represents the point at which it would be impractical to try to

achieve the 1.0 diminishinq risk probability, ql at I_C was

considered to have a diminishing ris}: probability o_ ._. The

remaining values along this curve were based on experienced

judgement. All values alonq the curve reflect the probability

of not meeting program objectives in terms of cost and schedule - -

it having been assumed that performance objectives could be

achieved equally well for any of the posulated cost/schedule

combinations. The Rn values are tabulated in Figure 11.6-3. The

C • curve in Figure 11.6-2, and the corresDondin_ tab]e in Fiqure

11.6-3, show the index of maximum cost risked to meet _eveloD_ent

objectives. The C • values were derived usinq the equation:

C_n = Cn ? _n
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Applying the factors to the baseline DDT&E cost _or Program

Option No. I resulted in the two sets o_ cost imnacts sho_,m in

Figure 11.6-3. The initial table sho_.,s the expected cost imnacts.

Tile second table presents the dollar values for C _.

D

Cost Sensitivities

The expected cost table in Figure 11.6-3 indicates that the

following conclusions miaht be drawn:

o The development schedule could be varied bv + one

year with only minimal impact on DDT&E cost (2.5 - 3.5_).

o A two-year extension of the development schedule would

increase DDT&E cost by 17.5_.

o A two-year compression of the DDT&E schedule would

increase DDT6E costs by 37.5_.

The table of maximum cost risked to meet schedule provides the

basis for another significant conclusion:

o That by extending the baseline schedule by one year, the

C _ value can be reduced from the baseline index of 1.25 to

an index of 1.15. The corresponding cost could be reduced

from $246 million to $227 million.

Combining these conclusions lead to further conclusions:

o That, from a DDT_E cost/risk standpoint, it _:ould

be preferable to:



- Delay ATP one year, from October lq75 to October 1976.

- !:xtend by one year the months between ATP and I_C, thus

achieving a two-year delay of IOC from the baseline.

o That, the results of these actions would be:

- Only a 3.5_ increase in DDT&E cost (from _197 to

$204 million).
m

- A reduction in the maximum cost risked to meet schedule

from $246 to $227 million, or -8_.

PRODUCTION I _¢PACT

Methodology

The methodology followed in determining production rate cost

sensitivity due to schedule adjustment was similar to that followed

for DDT&E. The impacts were quantified for variations of + one

year and + two years from the baseline schedule. Figure 11.6-4

summarizes the cost methodology and the resultant cost sensitivities.

The equation shown assumes that the baseline cost for the baseline

schedule has an index of 1.0 and that the index is comnosed of two

equal factors (.5 each). One factor is that which results from

elements variable with time, while the second factor represents the

elements that are fixed with time. Measurement of the schedule

variation impact on the variable factor was accomplished usina the

equation element by which the new number of production months _,as

divided by a parabolic equation form. The fixed element cost impact

lii 
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was determined by the simple e_uation form ,_,hich _ivided the pew

nL_ber of months by the base m_ber o_ months. In addition to the

values produced by substitutina the appropriate variables, it was

felt that the index should be adjusted to reflect the influence of

planninq the production approach for a given rate. This plannin_

would start prior to production initiation, of course. The F'

equation was derived to fulfill this function.

Cost Sensitivities

Figure 11.6-4 presents the tabulated results of applyina the

production rate factor to schedule and companionate nroduction

rate variations from the baseline. The baseline rate was

established as that needed to have two vehicles available at

IOC. The production rate factor for the baseline case was

computed at 1.045 versus 1.00 for a schedule adding one year to

the production time, which meant that the rate of 2.3K per year

would yield an index of 1.0, or the lowest vehicle main stage

production cost (system level). Analysis also revealed that

the 2.36 rate could be achieved with a sinqle shift (versus

two-shift for the baseline) production force. It is this more

efficient approach which is reflected in the equation variables

used to qenerate the index. The table also oresents average

unit costs for the production of thirteen units of the vehicle

main stage.

A separate table within Figure 11.6-4 presents the total project

level production cost impacts in terms of Delta (chanae) from

the baseline, as well as total cost. These values were calculated

by adding the costs for Systems Engineerinq and !nteqration (SF&I)

and Project _lanagement. At the total project level a reduction

t



of seven million dollars could be achieved by len-thenina the

Droduction schedule by one year. The other schedule/rate varga-

tions result in significant increases in total production cnst.

OPERATIONS IMPACT

t

Methodology

Schedule impacts on operations costs were quantified base_ on

variation in the number of fliqhts at an average cost per flight.

(Reference Section 6.12 of this book and volume.) The relative

numbers of flights used for the _o-year IOC delay proaram _ere

as follows:

NU_IBED OF FLIG}{mq

Cy '80 '81 '82 '83 '8_ TOmALS

(

Baseline 3 It_ 16 2Q 27 89 J

iCost at $.9M/Flight $ 2.7 $12.6 $1_.4 $26.1 $24.3 $_Q.1

_"_;o-year IOC Delay 0 0 16 20 _7 63

Cost at _.9M/Flight 0 0 $It_._ $18.0 _24.3 _56.7

Sa_e Number

of Fliqhts

After lg_.

e
Cost Sensitivity

From the calculations above, the two-year IOC delay would have

the followinq impact on operations costs:

For Two-Year IOC Delay

;_umber of Flights = (89-63) = 26

Operations Cost = ($80.1 - $56.7) = _23.r_"



Section 12

DODACQUISITIONAPPROACH(AFSCP800-3)

By agreement with the NASA/SAMSO COR's submittal of this section for Option i

has been deferred until after the Data Dump.
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SECTION 13

COST ESTIMATING METHODOLOGY

t

13.1 Overall Cost Methodology

13.1.1 Summary

Existing, proven analytical tools in the hands of experienced

analysts have been utilized to achieve the study objective of

reliable, consistent, well-defined and documented "should cost"

estimates and funding projections within the constraints of

budget and schedule. The ability to effectively and realistic-

ally estimate costs and funding is dependent upon three major

factors: (1) completeness and comprehensiveness of definitions;

(2) the validity of an applicable data base; and (3) the ability

to relate these two factors utilizing highly qualified estimators.

e

The LEADER II cost model has been used to relate the technical

and programmatic definitions, provided by other members of the

study team, to the Cost Data Base stored in the cost model and to

generate cost estimates and funding analyses in accordance with

the NASA-approved I_S. The estimates effectively correlate tech-

nical performance, schedules and costs. As a rapid, multi-faceted,

techno-economic tool for estimating costs, funding and manpower,

LEADER II has been used to measure higher-level cost and funding

impacts of lower level alternatives. Its use contributes to the

credibility, consistency and traceability of the cost estimates.

It has been used to generate the cost and funding of Space Tug

Project's total life cycle and elements thereof based on CER's

(Cost Estimating Relationships), cost factors, or direct inputs

values.

t3-I



The CER's and cost factors, which constitute the LEADER II data

base, have been developed over a seven-year period from data

quotes, and study values of function, physical, performance, sched-

ule and cost on a number of major programs. The basic data used

in the LEADER II data base were derived principally from Thor/

Delta, SIV/SIVB, Sky Lab, SOAR II, Gemini, MOL, Sortie/Lab,

Saturn/Apollo, and Titan. In addition, data specifically for the

Space Tug has been received from prospective suppliers in response

to formal Requests for Information. The cost model, as modified

to conform to the Space Tug WBS, encompasses 865 lines of data

(each for the basic equations and the variable file) and a

cross reference matrix of 276 lines.

Q

As depicted in Figure 13.1.1-I, development of the CER's began

with collecting and validating applicable physical, performance

and cost data and then normalizing the data to a common baseline.

The data were then classified within homogeneous groupings. Multi-

variable regression analysis and other statistical techniques were

used to identify these parameters which best predicted costs, and

to derive the equations, or CER's, which expressed the costs as

a function of technical/performance values. The CER's were tested

and validated before being incorporated into the cost model. Each

of the steps in CER development was documented to provide a trace-

able record from raw source data and rationale and methodology

used in the analyses, through CER development and validation.

J

Having adequate and valid cost data is a primary requisite for the

development of reliable CER's. As an organizational element of

/3°2
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the Fiscal Management Subdivision, the Advance Systems Cost Analysis

team uniquely has access to historical and proprietary data contained

in its departmental data bank. The Data Bank for many years has

actively collected, catalogued and stored pertinent techno-economic

and cost information obtained from industry, government aqencies and

non-profit organizations. The Data Bank serves as a repository for

departmental and technical or performance data.

A description of the cost estimating technique for each WBS element,

as appropriate, is contained in Table 13.1.1-I

13.1.2 Assumptions, Ground Rules and Rationale

13.1.2.1 Cost estimates are in constant 1973 dollars.

13.1.2.2 Cost estimates have been developed in consonance with

the Government provided Space Tug Systems Studies Work Breakdown

Structure and Dictionary, PD-Tug-P, dated 7 May 1973, and with

clarifications/amendments thereto appearing in the followinq

documents: (I) Data Package, Spage Tug Systems Studies, April

1973; (2) Memorandum PD-Tug-P (020-74), dated 10 August 1973,

from PD-Tug-P/Mr. Stucker to PD-Tug-C/Mr. Orillion, subject:

Changes to the Work Breakdown Structure and Dictionary. Figure

13.1.2.2-I displays the WBS as amended.

13.1.2.3 Candidate concept costs have been estimated and are

reported at or below the WBS level shown in the Government provided

WBS Diagram and Dictionary. The costs have been estimated at the

same level of detail as the technical data, which generally has been
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Figure 13.1.2.2-1. Space Tug Work Breakdown Structure



one or more levels below that reported.

13.1.2.4 The cost estimates are commensurate with the program

definitions available at this time, the relative level of study

effort, and with the understanding that the estimates are only

for preliminary planning and tradeoff study purposes.

i 13.1.2.5 Funding estimates are reported by Government Fiscal

Year - I July through 30 June.

13.1.2.6 The cost estimates reflect recent employment levels

(calendar 1968-1972) and a 6 percent (compounded annually) inflation

factor to derive values in terms of 1973 dollars. The estimates

also reflect reduced Project Mana_ement, Systems Engineering and

Integration, and Manufacturing costs. (Reference: Results of

MDAC Special Cost Reduction Task.) Thus, the cost estimates

effectively assume that timely award of a Phase C/D Contract; (I)

would cause contractor employment to approach the 1968-1972 levels;

and (2) that the Phase C/D effort would achieve effective manage-

ment at reduced cost.

13.1.2.7 The cost estimates assume that all required Supporting

Research and Technology (SRT), identified separately in Sections

2.6 and 10,will be available when needed.

4

The cost estimates and reporting are consistent with the following

Government Action Items:

Reference: PD-Tu_-P_. 4 A_ril 1973

/



4. ACTION ITEM:

WHAT IS THE LOWEST LEVEL OF COST REPORTING REQUIRED?

RESPONSE:

COST AND TECHNICAL DATA FOR DATA FORMS A(1), A(2), A(3)

AND B SHOULD BE REPORTED TO THE LOWEST LEVEL SHOWN ON THE

APPROVED COMMON WBS.

COST AND MANPOWER DATA FOR DATA FORM C SHOULD BE REPORTED

AT WBS LEVEL 4 EXCEPT FOR THE FOLLOWING CATEGORIES:

VEHICLE MAIN STAGE, AUXILIARY STAGE, FACILITIES, GSE,

VEHICLE TEST, LAUNCH OPERATIONS AND REFURBISHMENT AND

INTEGRATION SHOULD BE REPORTED AT WBS LEVEL 5.

5. ACTION ITEM:

WHAT IS THE SHUTTLE COST PER FLIGHT?

RESPONSE:

THE SHUTTLE COST PER FLIGHT IS $I0.5M FOR THE PURPOSES OF

THESE STUDIES.

8. ACTION ITEM:

V

COST OF EXISTING KICK STAGES?



RESPONSE:

REQUESTSFOR THE COST OF EXISTING KICK STAGES SHOULDBE

MADETO DICK KLAN, MSFC, 205-453-0462. ANY MODIFICATIONS

NECESSARYFOR TUG APPLICATION OR DEVELOPMENTOF NEWKICK

STAGESSHOULD BE ESTImaTED AND REPORTED BY THE CONTRACTORS.

9. ACTION ITEM:

_HAT YEAR DOLLARS SHOULD COSTS BE REPORTED?

RESPONSE:

ALL COSTS SHOULD BE REPORTED IN CONSTANT 1973 DOLLARS.

10. ACTION ITEM:

HOW _qILL COST BE HANDLED FOR LOSS OF MISSION/PAYLOAD

RESULTING FROM TUG RELIABILITY?

RESPONSE:

i

THE COST OF A "LOST" TUG SHOULD BE CONSIDERED IN SIZING THE

TUG FLEET. IN THE EVENT A MISSION IS ABORTED AND MUST BE

REFLOWN, THE COST OF A SECOND FLIGHT SHOULD BE INCLUDED.

COST OF THE PAYLOADS THEMSELVES SHOULD NOT BE CONSIDERED.



11. ACTION ITEM:

USE OF COST DATA FORMATS - NASA AND USAF PHASING.

RESPONSE:

12.

THE DATA FORMS A(1), A(2), A(3), B AND T SHOULD BE COMMON TO

BOTH NASA AND USAF. BECAUSE OF THE DIFFERENT PHASING, IT

MAY BE NECESSARY TO COMPLETE TWO SETS OF DATA FO_M C; ONE

TO REFLECT NASA PHASING AND ONE FOR THE USAF PHASING.

ACTION ITEM:

WHAT LEARNING CURVE SHOULD BE USED?

RESPONSE:

A LEA_IING CURVE MAY BE USED TO ESTIMATE HARDWARE QUANTITY

COSTS. THE TYPE LEARNING CURVE USED (STRAIGHT-LINE PROJECTION

OF CUMULATIVE AVERAGE COSTS OR STRAIGHT-LINE PROJECTED UNIT

COSTS) SHOULD BE NOTED AND THE PERCENT OF LEARNING SPECIFIED.

t

/  -i,1



13. ACTION ITEM:

HOW WILL THE POSSIBLE USE OF GOVERNMENT FACILITIES/PERSONNEL

BE HANDLED?

RESPONSE:

o
IN KEEPING WITH THE LOW COST PHILOSOPHY, USE OF EXISTING

GOVERNMENT FACILITIES SHOULD BE CONSIDERED WHERE PRACTICAL.

ANY MODIFICATIONS AND/OR NEW FACILITIES SHOULD BE IDENTIFIED

AND ESTIMATED.

IN THOSE INSTANCES WHERE THE USE OF GOVERNMENT PERSONNEL TO

PERFORM SPECIFIC FUNCTIONS _JD/OR PORTIONS OF THE TUG PRO-

JECT IS CONSIDERED IN KEEPING WITH THE LOW COST PHILOSOPHY,

THESE SHOULD BE CLEARLY IDENTIFIED. HOWEVER, _{E CONTRACTORS

SHOULD ESTIMATE THE COST OF THOSE FUNCTIONS AND/OR ACTIVITIES

AND REPORT THAT COST AS IF A CONTRACTOR WERE TO ACCOMPLISH

THEM. THE GOVERNMENT WILL ESTIMATE THE POSSIBLE SAVINGS IF

ACCOMPLISHED BY GOVERNMENT PERSONNEL.

G



13.1.2.8 As directed by the Government, Operations cost

estimates for ground tracking, i.e., MSF_/STADAN, include the

cost of personnel required for tracking the Tug, even though these

same people may track other space vehicles at other times.

For example, if the Tug requires these people for only four

hours, the Tug project is charged for a full eight hour day.

13.1.2.9 The cost estimates assume that DDT&E and Production

essentially would be accomplished at MDAC's Huntington Beach,

California, facilities.

13.1.2.10 As directed by the Government, the cost estimates

assume that existing STE/GSE/PTE, etc., from previous programs

(e.g., SIVB) will be available for Space Tug at no cost except

for modification/upgrading costs which would be Tug peculiar

and would then be chargeable. The storage and maintenance

costs of existing facilities and GSE up to the time of Space

Tug use are not chargeable to the Tug Program.

t



13.1.2.11 The following main engine costs have been provided

by the Government and incorporated in the cost estimates:

Table 13. i. 2. ii-i

SPACE TUG MAIN ENGINE CANDIDATES

COSTS AND DEVELOPMENT TIMES

1973 DOLLARS IN MILLIONS

Main Engine

Category I RLI0(1)

Category IIA RLI0(2)

With Pumped Idle

Without Pumped Idle

Category lIB RL10(1)

Category IV RLI0(1)

Aerospike (I)

Advanced Space (I)

Total First Development Development

DDT_E Unit Time to Time to

Cost Cost PFC (Mos.) FFC (Mos.)

$ 13.00 $0.70 - 24

57.00 0.80 36 48

50.00 0.80 36 48

52.00 0.80 27 35

119.00 0.90 48 60

140.00 1.10 43 60

15q.00 1.20 5q 66

q

4

Note : (I) Values provided by S. Saucier - NASA/MSFC to

C. Bonner - MDAC-W, 5 June 1973 - Documented in

Record of Discussion.

(2) Values provided by S. Saucier to C. Bonner,

25 August 1973 - Documented in Record of

Discussion.

i -I 7



13.1.2.12 The following vehicle auxiliary stage costs have been

provided by the Government and incorporated in the cost estimates:

1973 Dollars in Millions

Recurring Recurring

Production Operations

Vehicle Auxiliar_ Sta_e Start-Up Unit Cost Cost/Flight

Burner II

Polaris A3, Second Stage -

Basic with Guidance

Poseidon, Second Stage -

Basic with Guidance

- $ .530

$ 8.00 .270

+2.00 + .300

$10.0 $ .355

+2.70 +4.95

$ .140

13.1.2.13 The costs per pound of candidate propellants have

been provided by the Government to assure consistency in the

Tug contractor trade studies. These costs have been incorporated

in the MDAC estimates.

PROPELLANT COST S/POUND

Liquid Oxygen LOX

Liquid Hydrogen LH2

Nitrogen Tetroxide N204

High Density Acid HDA

Monomethyl Hydrazine MMH

Unsymetrical Dimethyl

Ilydrazine UDMH

50_ N2Hq and 50_ UDMH AEROZINE-50

Hydrazine N2H4

.013

.50

.12

.30

2.75

.55

1.00

1.85

|



Inhibited Red Fumming

Nitric Acid IRFNA .30

13.1.2.14 Based on its own sources, MDAC has estimated

the cost of gaseous helium at $7.86 per pound. The Government has

concurred in this value.

13.1.2.15 Launch operations cost estimates have been calculated

using the following general ground rules and assumptions:

I • That manloading per year, per shift, per site by skill

level are for direct and indirect personnel.

• That launch site support services are equivalent to 24_ of

personnel and are included in No. I above.

. That launch site direct and indirect personnel will perform

GSE maintenance within their regular shift activities•

•

•

.

That home plant support is equivalent to 15_ of field

location manhours (excluding Project Management and

System Engineering).

That the cost of field site personnel is based on mid 1973

hourly rates•

That the weighted average cost of inplant support (for No. 4

above) is based on mid-1973 hourly rates.

j5-/9



Q That Government Program/Project Management of launch oper-

ations is part of the Government's institutional base and

thus is excluded from Tug project costs•

13.1.2.16 Flight Operations cost estimates have been calculated

using the following general ground rules and assumptions:

•

.

That the attached manhours per flight include field site

direct and indirect personnel•

That home plant support is equivalent to I0_ of field site

manhours. (Excluding Project Management and System Engin-

eering.)

3. That the field site manhours reflect a 97_ learning curve.

• That the weighted average cost of field site personnel is

based on mid-1973 hourly rates•

• That the weighted average cost of inplant support is

based on mid-1973 hourly rates.

•

•

That "computer hours/flight" reflect sharing existing

computers with others, i.e., Shuttle Orbiter, Payloads.

That the average cost of a computer hour/flight including

both machine and labor costs has been based on recent

quotations.

f
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. That flight support and software (WBS 32A-11_, 12q) is a

one time activity and its cost thus is part of DDT&E.

J

13.1.2.17 The cost estimates have been calculated to be total

cost to the Government excluding NASA Program Management and

Systems Support and Prime Contractor Fee on costs at System

Level 4 and above, in accordance with NASA direction.

13.2 Description of Estimating Philosophy

The general equation form for CER's expressing recurring costs

is shown in Figure 13.2-I. In this eauation form, Y=A*X**B(F)

the "A" value is the driver which generates the specific

first unit cost by moving from the Y-intercept along a line

(straight-line on a log-log plot) whose slope is expressed by

the exponent "B". If the cost so calculated fairly represents

an item whose design, method of fabrication, technology and

other attendant variables are virtually the same as the data

base from which the equation was derived, then the cost could

be accepted as calculated. However, this seldom is the case

and some means must be provided to adjust the calculated

cost to indeed reflect the characteristics of the item being

estimated. The "F" factor is included in the equation

to perform the adjustment function. Quantification of the

"F" factor is performed by the systems cost analyst and is

predicated upon: (I) his knowledge of the data base; (2)

his understanding of the item being estimated, achieved through

continuous communication with other members of the study team;

and (3) his professional expertise. Fortuitously, the systems

_n_ _n_Ivmt_ _m the Space Tua Stndv Team are amona those
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who build the CER building blocks for the LEADER cost model.

Thus, they have all three requisites for quantification of

the "F" values.

¢

The methodology used for calculating DDT&E costs is summarized

in Figure 13.2-2. Three basic equation forms are used to relate

basic data to Space Tug values and generate DDT_E cost estimates

which realistically reflect the Space Tug values. The first

equation form is a "ratio to TI". As used for the Space Tug

_BS elements, this equation has meant that Engineering Design

and Development cost is "N" times the first unit production

cost. The second equation form, Y=A_X_B(F), is the same

as that used for first unit production cost and discussed

in the preceeding para,raph. The third equation form is a

specific dollar value which usually has been derived from

quotations submitted by prospective suppliers of assemblies

and components. Similar to the practice for first unit

production cost estimating, the "F" factor is quantified

by the systems cost analyst to reflect Space Tug values for

specific WBS elements in terms of design rating, technology

rating and schedule risk, which are defined in Figure 13.2-3.

Ground test hardware quantities and flight test hardware

quantitites have been established at the component, assembly,

subsystem and system levels as discussed in Section 2 of

this book. The estimated costs for ground test hardware

and flight test hardware are the result of applying equivalent

quantity values to first unit production cost at the appro-

priate WBS levels.

T
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Whether the estimate is for DDTSE cost or recurring production

cost, quantification of the "F" value is the product of the cost

analyst's judgement of a number of influencing elements in

addition to those identified above. These additional elements

include: reliability, maintainability, safety, commonality,

workability/fabrication methods, DDT_E approach versus change

traffic, and knowldge of prospective suppliers' pricing

policies and cost performance - actuals versus estimates.

This latter knowledge has been paricularly useful in evaluating

the ROM quotations from propective suppliers in response to

Requests for Information on this study. Thus, the factors

applied to the suppliers quotes have varied to reflect

individual company performance, as well as the cost of sub-

contract management.

In accordance with NASA direction, the cost estimates represent

cost to the Government, except for NASA Program Management and

and System Support and Prime Contractor Fee on costs at System

Level 4 and above. Thus, the costs inQlude those for the

main engine, which has been identified as GFE. Reference also

is made to Subsection 13.1.2, Assumptions, Ground Rules and

Rationale.

]3.3 Related Historical Programs

As noted above, the related historical programs, which

constitute the data base for the LEADER II cost model, include:

Saturn SIV/SIVB, Skylab, Space Station (modular), SOAR II,

Sortie Lab, Thor/Delta, Gemini, MOL, Saturn/Apollo, and Titan.



The data base also incorporates the results of a number of

Government-funded and industry-funded studies, and the

quotations submitted by prospective suppliers of assemblies/

components,

Table 13.3-I lists the WBS elements whose costs have been

estimated using CER's, Cost Factors, and Direct Estimates/

Other, through Component Level 7.

V

¢



7"

o



o

0



Ill

1'4
Ill

IZ:

r.n

(.0C3

8

p

_.1 p,,

0

I

°+ i"

r,; l

_.: ,_ I l< I
_-1' E.

_[ , ,)4 I M X I M

_ , • ,
I-4 E

! ! !

° _ -_ ' ,
I I N I

.... L,, ...............

'_°"i" i'i '
_.l , ,< I . ,<

° ':
• .1_

,_ .,_ _ __

0 Ill 0 I_

[;_ i <IJ +ll II_ _ l I"I

I

i_, _ _• , 1. ! l

ili!'2 A
o, o

,' i__

P.

]5"-- _'o



O

I
I

i

!
!

!
!

I_-3/



t
,-1

J

I_-32__



q

O_

1.0

P,

r_

Uo

C.qH

°US

U

0
0

Iz:;
r,.)

o g

ffl

oo

_o
E4

_8

i! i' ' tk ' I
= _o,... . . x . . . _= .I . .

¢_: I

l_; r, i

C, 0

I 1', I

_"_ I I I I I

_ I I = I 8 I , , , ,

==___m II it .........I 1 1 1 1 L _ ,'

I , I

=_ I_.___l ....

• _-_0

Or..)

u3

:4

'iI
i

=fill. _ .... '

o o

,.-,
-- =I

_1 = '-'1

0

I

,._ o,_,
....... ,"_' _ _,-I,

.... _..................... = =_ _=-.._:_--.=__t_.=.,.,_L_.

.... t !,

............I I

i'

t£,

, _1_o _=

ii ° t
= = I

0 0
I I

I J .,

u'_ '..D
0 0

I I

I I
0 0
t',l OJ
n'3 f_



Section i_

OTHER SENSITIVITIES AS DEFINED

|

This section presents a summary of the results of several discrete sensitivity

analyses defined as of interest for application to the baseline Option 1. Each

of these sensitivities, basically performed by the system engineering disciplines,

was supported by progra_natics and cost analysis where applicable. Cost impacts

were developed from previous subsystem/component cost analyses and the baseline

Option 1 cost model output data presented in Section 6. Table 12-1 identifies

the sensitivities analyzed and summarizes, in the requested government format,

the results.

Detail discussions and supporting data and rationale for each of the sensitivities

is provided in Volume 5, Book i, Section 9.2.
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